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The mutualistic relationship between a fungus and a root of a 
higher plant is currently accepted as the norm rather than the excep­
tion. The observation that various mushrooms are generally associated 
with certain tree species has been noted since before the time of Archi­
medes, but it was not until 1881" that Kamienski (Kelley, 1950) finally 
gave this specific association a name, mycorrhiza. Since that time many 
researchers have looked at this relationship and many hypotheses have 
been advanced, but few concrete, definite statements of fact have been 
forthcoming. One observation that has been noted is that if the higher 
plant partner is growing in a situation of adequate or superior nutrient 
availability, the relative frequency of mycorrhizal formation is sup­
pressed, if initiated at all. 
Conversely, it has been noted that mycorrhizal incidence is greater 
in instances of low nutrient availability. Correlations have been 
established between the relative number of mycorrhizal rootlets and the 
nutritional status of the higher plant. There are two main schools of 
thought that attempt to explain this correlation. The earlier one, 
advanced by Hatch (1937) and others, relates the correlation directly to 
the nitrogen/phosphorus nutrient balance. The second group, lead by 
Bjorkman (1949), correlates mycorrhizal formation with the photosynthetic 
status of the plant. 
Since the "dust bowl" days of the 1930's, the establishment and 
re-establishment of woody species in the denuded areas has been a goal 
of researchers both in this country and the U. S. S. R. In the United 
2 
States attençts have been made to Introduce tree species Into the Great 
Plains both for soil conservation purposes and as a potentially valuable 
timber crop. Similarly, attempts are being made in the Steppes Region 
of the Soviet Union. When such attempts at afforestation or reforesta­
tion fall, questions are raised as to the reasons for such failure. 
Assuming that water Is not the limiting factor. Is failure due to In­
sufficient or unavailable nutrients, to the lack of potential mycorrhlzal 
fungi In the soil, or a combination of these factors? Can such a situ­
ation be remedied by nutrient amendments to the soil or by the Intro­
duction of known mycorrhlzal fungi to the soil? 
My Interest is mainly with the relative nutrient status and the 
Incidence of the nycotrophlc state In white oak CQuercus alba L.). 
This study centers around variant nutrients. In both sand and soil 
culture situations, and attempts to Infest the rooting substrate with 
suspected ectanycorrhlzal fungi to see if these fungi truly will form 
mycorrhlzae. The basic study objectives are the following: 
1. to test the suspect fungi for mycorrhlzal forming potential; 
2. to see If such potential is affected by varying certain 
nutrient levels; 
3. to observe the effects of the variant nutrients on plant 
growth and concomitant mycorrhlzal development; and 
4. to observe the effect of nutrients on the soil over time by 
studying changes in soil pH. 
In addition, soil samples were taken from six white oak sites in 
eastern and central Iowa (Howe, 1964). These samples were assayed for 
the presence of Endogone spp., known endomycorrhizae-forming fungi. 
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LITERATURE REVIEW 
A tree root growing in soil is normally infected with various 
components of the soil microflora. Often this infection results in a 
reduction in number or loss of all root hairs. The root is in some 
instances partially or totally encapsulated within a fungal sheath 
(ecto-) and its only contact with the external soil solution is through 
passage across this fungal layer. Such a composite structure can no 
longer be considered truly a root or a fungus but rather a nycorrhiza; 
literally, a fungus-root. The term mycorrhiza is derived from the two 
Greek bases, mycos (meaning fungus) and rhizos (meaning root). Mycor­
rhiza thus is applied to the dual organism of a plant root and its 
mutually associated fungal partner; an association that apparently is 
not detrimental to either member and is evidently beneficial to one or 
both. 
The wording "apparently beneficial" as definitive of mycorrhizae is 
employed as it has long been a debated point whether the association of 
fungus and root is one of equal partners, symbiosis, or one of pathogen 
and host, pathogenesis. Pfeffer in 1877 believed that the mycorrhizal 
fungus obtained nutrient material from humus and transferred it to the 
host plant. The host was by itself incapable of utilizing otherwise 
unavailable materials of the humus. But, Pfeffer also suggested that 
the fungus was essentially a pathogen that the host barely kept in 
check. McDougall (1914) considered the ecto- and the endo- mycorrhizal 
fungi to be pathogens but believed the latter were symbiotic in certain 
instances. Burges (1936) called the relationship, weak pathogenesis. 
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the fungal activity being controlled by host cell reactions. Hatch 
(1937) concluded that the association was symbiotic rather than 
pathogenic. 
Since Hatch's work others have provided more evidence for the 
symbiosis concept. McComb (1943) showed that pine would not grow on 
land previously in agricultural use in Iowa unless nycorrhizae were 
present. Similar results were encountered in Puerto Rico (Huckenpahler, 
1955), on the Russian Steppes (Runov, 1955), and in Nebraska (Goss, 
1960). The conclusion was made that the mycorrhizal state increased 
the salt absorbing capacity of the root, both by actual physical en­
largement resulting from the fungal sheath and by a ramifying network of 
fungal hyphae in the soil around the infected root (Routein and Dawson, 
1943). 
Necessity of Mycorrhizae 
General 
Fungi having the ability to survive and form mycorrhizae in adverse 
environments are beneficial to their hosts- Such hosts cannot survive 
on these adverse sites without healthy root endophytes (Trappe, 1962). 
This is especially important in attempts at afforestation of prairie 
areas or reforestation of agricultural land that is no longer of agro­
nomic importance. Such marginal agricultural land could be put to good 
use by the introduction of valuable timber species; examples of such 
sites are the Russian Steppes and poorer sites in the American Great 
Plains. The question of feasible introduction then arises. Can the 
present site support the introduced tree species? If it cannot, can 
the site be readily adapted to support the trees? Earlier attempts of 
7 
such introductions have been made in the prairie regions of North 
America (McComb, 1943; Goss, 1960) and in the Russian Steppes (Grud-
zinskaya, 1955; Lisenkov, 1955; Runov, 1955; Samtsevich, 1955a, b). 
Environmenta 1 limitations 
Why do coniferous forest species fail to survive in agricultural/ 
prairie soil? Is there a problem with fertility or nutrient avail­
ability; with aeration and soil pH; or, perhaps, with incipient temper­
ature? Is it a lack of mycorrhizal fungi naturally occurring in soil 
to instigate infection? If the latter is so, how can these fungi be 
introduced? 
An acid specificity and inverse soil fertility relationship were 
demonstrated for ectomycorrhizal formation (Hacskaylo, 1957). In pure 
culture studies with slash pine (Pinus elliottii Englem.) substrate pH 
greatly affected mycorrhizal formation and seedling growth, mycorrhizae 
developing best at the less acid pH's below neutrality (7.0) (Marx and 
Zak, 1965). Growth of five-month-old Monterey pine (Pinus radia ta D. 
Don) seedlings was 60 - 80% less in soils at pH 8.0 than those grown in 
soils at pH 6.2 (Theodorou and Bowen, 1969). In addition, mycorrhizal 
formation was lower by approximately 60% at pH 8.0, probably because of 
rhizospheric inhibition of fungal growth. Ihis inhibition may not be 
solely a pH phenomenon but rather an interaction effect between pH and 
nitrogen fertility of the soil. As the nitrate level of the soil 
increases, mycorrhizal formation decreases regardless of the soil pH 
(Richards, 1961). Theodorou and Bowen (1969) speculated a similar 
phenomenon to account for their observed mycorrhizal suppression at 
lower pHs. The exchange sites of the living root surfaces are 
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continually being recharged with hydrogen ions. The dominance of these 
hydrogen ions at the root-soil interface would presumably act as a buffer 
zone against extreme changes in the soil pH (Richards and Wilson, 1963). 
Such a scheme could account for mycorrhizal formation in neutral or 
alkaline soils (Meyer, 1966). It is also interesting to note that the 
uptake of phosphate by normal roots is influenced by soil pH. Work with 
32 P in intact soybean roots demonstrated inhibition of centripetal 
phosphate passage at the alkaline pH's of 7.0 - 8.0 while no such in­
hibition was shown at the more acidic ranges of 4.8 - 6.4 (Einmert, 1972). 
Mycorrhizae require adequately aerated soil for their formation to 
be initiated (Meyer, 1966; Kozlowski, 1971). This is due to their aerobic 
demands during mineral and water uptake and is related directly to soil 
porosity and indirectly to the moisture holding capacity and drainage. 
Mycorrhizae were found to be initiated at soil moistures between 30 and 
80% with an optimum at 60% field capacity (Samtsevich, 1955a). Pro­
longed periods of soil saturation turn the rhizosphere anaerobic, halting 
further mycorrhizal formation while killing those mycorrhizae already 
present. Under a nitrogen atmosphere, absorption by the sheath was 
shown to be sensitive over the entire range of oxygen concentrations 
which varied from 0 to 21%. The sheath shielded the core from delete­
rious effects to an oxygen concentration of 1%, below which absorption 
ceased and the threshold of root death occurred (Harley et , 1953). 
In other pure culture experiments, soil temperature was found tc 
have an effect upon nycorrhizal formation and seedling survival in lob­
lolly pine (Pinus taeda L. ) (Marx et , 1970). In this case two 
different fungi were used and each had a different temperature for 
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optimal mycorrhizal formation. Even after prolonged exposure to root 
substrate temperatures of 40°C, loblolly pine seedlings with mycorrhizae 
had 70 to 95% survival as opposed to 45% for noimycorrhizal seedlings 
(Marx and Bryan, 1971). It was speculated that the symbiont furnishes 
some metabolites to the seedling rendering it more heat tolerant. Such 
a finding is of direct importance in the introduction of a new species 
into an area of higher ambient soil temperature. 
A look at the final question shows that it is indeed possible to 
introduce a mycorrhizal fungus into a soil where it was formerly lacking. 
This was strikingly shown in the establishment of pine plantations in 
Puerto Rico (Huckenpahler, 1955; Vozzo and Hacskaylo, 1971). Soil was 
taken from an eastern pine plantation and introduced into Puerto Rican 
seedling beds from which healthy mycorrhizal trees were outplanted to 
serve as loci for further mycorrhizal spread to adjacent plantings. 
Others have demonstrated that such a method is economically feasible and 
can be conmercially successful (McComb, 1943; Grudzinskaya, 1955; 
Lisenkov, 1955; Runov, 1955; Samtsevich, 1955a; Goss, 1960). But, such 
techniques are not truly qualitative. 
Determination of Fungal Partners 
Three methods commonly are accepted for the establishment of the 
identity of mycorrhizal fungi; (1) The growth in pure (axenic) culture 
of hyphae isolated from mycorrhizae until sporocarps are produced by 
which the speciation can be ascertained; (2) the growth in axenic culture 
of hyphae from spores of fruiting bodies or from tramai tissue of 
sporocarps found near mycorrhizal tree roots and induction of nycor-
rhlzae upon subsequent introduction of such hyphae to seedling tree 
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roots; and, (3) tracing connections between tree roots with nycorrhlzae 
and fungal sporocarps growing In the immediate vicinity (Laing, 1932; 
Trappe, 1962). Most of the early identification of mycorrhizal partners 
was done by the last method. The first method is the most accurate and 
easiest in theory but not in practice because very few Basidiomycetes 
are known to fruit in culture. Thus, the second method is currently in 
greatest use, and the one I employed in this research. 
The induction of mycorrhizal formation under experimental culture 
conditions has been attempted with synthetic media, in pot culture with 
both soil and sand, and in fleld-plot-slze units. Various Basidiomycetes 
were entered into pure culture by tramai explants and also by actual 
Isolation from individual mycorrhizal rootlets (Zak and Bryan, 1963; Zak 
and Marx, 1964). Similar fungal cultures were used to Induce nycorrhizal 
formation in synthetic cultures of southern pine (Bryan and Zak, 1961), 
slash pine (Vozzo and Hacskaylo, 1971), white oak (Howe, 1964; Woodward, 
1965, 1966; Randall, 1967), oak (Gnutenko and Fankova, 1955), oak and 
pine (Rrangauz, 1955) and Douglas fir (Trappe, 1967). The fungi were 
isolated in all cases from sporocarp tramai tissue onto an agar medium. 
After a growth period on the agar, the fungi were Introduced into a 
system containing an autoclaved rooting medium and a healthy nonmycor-
rhizal seedling. 
Such a demonstration is useful because It shows that the specific 
fungus is a mycorrhizal former under the test situation and implies it 
to be a potential mycorrhizal former in natural situations. The pro­
cedure is a logical first step in proving the hypothesis that the fungus 
is a mycorrhizal associate. The next step is to move to a greenhouse 
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that more closely approximates field conditions. One must now determine 
the type of rooting medium: synthetic, sand, greenhouse mix or field 
soil. The latter three are the logical choices with field soil superior. 
Sand cultures have been used extensively to demonstrate nutrient re­
quirements for various plants (Mitchell, 1934; Hewitt, 1966). Mycorrhizae 
often have been secondary phenomena that complicate the nutrient studies 
(Mitchell, 1934; Finn, 1968); many times inoculation was due to random 
airborne fungal propagules rather than specific inoculations. Soil is 
the most natural medium for use in drawing inferences applicable to 
natural plantings. However, during soil infestation by pure culture 
mycelium, such mycelium may or may not remain viable in soil. Further, 
such infestation of mycorrhizal fxmgi does not ensure successful coloni­
zation of the host (Hacskaylo, 1972). Perhaps maintenance in culture 
results in loss of fungal ability to survive as an efficient competitive 
saprophyte upon reintroduction to the soil, or loss of ability to infect 
the host and commence a mycotrophic state. Using subirrigated greenhouse 
studies on red pine (Pinus resinosa Ait.), Rosendahl (1938) infested 
prairie soil with Boletus felleus Fr. (Tylopilus felleus (Fr.) Karsten) 
and showed marked benefits to the pine. Infestation of soil under field 
conditions has not been extensively attempted with pure cultures. Two 
inoculations were necessary for a successful transition of nursery out-
plants into field sites (Dominik, 1961). Soil infestation by pure 
cultures of fungi or cultural filtrates in^ roved seedling development 
despite frequent absence of n^ corrhizae (Shemakhanova, 1962). 
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Vesicular-arbuscular Mycorrhizae 
Mycorrhizae are divided into two main categories: the ectomycor-
rhizae in which the fungal involvement remains on an extra- or inter­
cellular level with the infected rootlet generally being invested with a 
fungal sheath; and, the endomycorrhizae in which fungal involvement is 
intracellular and no encompassing sheath is involved. The endomycor­
rhizae are further subdivided upon the basis of septation of the involved 
fungus. The septate subdivision are characterized by Rhizoctonia species, 
endomycorrhizal on various members of the Orchidaceae. The nonseptate 
subdivision comprise the vesicular-arbuscular (VA) nçrcorrhizae, involving 
fungal species of the Endogonaceae of the Phycomycetes, primarily by 
species in the genus Endogone. Endogpne was recognized early to form VA 
mycorrhizae with several crop plants, corn CZea mays L.) being the first 
recognized (Gerdemann, 1961; 1964). Most of the early work was taxonomic 
in nature and attempted to correlate certain species with certain soil 
types and locales. This work also presented descriptions of new species 
and keys to aid other workers in recognition and identification (Gerde­
mann and Nicolson, 1963; Nicolson, 1967; Mosse and Bowen, 1968; Nicolson 
and Gerdemann, 1968). 
Since Endogone spp. formed VA mycorrhizae with a wide range of crop 
plants, it apparently had a low host specificity and workers began search­
ing for VA mycorrhizae among woody plants. &ie of the earliest revela­
tions was that the same species forming VA mycorrhizae on corn also formed 
them on tulip tree (yellow poplar, Liriodendron tulipifera L.) (Gerde­
mann, 1965; Clark, 1969). The work by Clark (1969) showed four species 
of trees to commonly form VA mycorrhizae; tulip tree, white ash 
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CFraxinus americana L.), box elder (Acer negundo L.), and sugar maple 
(Acer saccharum Marsh. ). The study with sugar maple has been reaffirmed 
(Kessler and Blank, 1972). 
As agricultural land had been most extensively studied- and examined, 
Endogone spp. was thought to be more prevalent on these sites than in 
forest soil (Gerdemann, 1969). Species of Endogone were later shown to 
be abundant in forest soil although not reaching the levels in number of 
propagules encountered in agricultural land (Kessler and Blank, 1972). 
Eastern cottonwood (Populus deltoides L.) was shown to be both 
ecto- and endo- mycorrhizal depending upon site factors (Vozzo, 1969). 
Endogone lactiflua Berk, was shown to form ectonçrcorrhizae with several 
species of pine, white pine (Pinus strobus L.) most frequently, and 
Douglas fir (Pseudotsuga menziesii (Mirb.) Franco) (Fassi et al., 1969). 
Such mycorrhizae were only found associated with two- to three-year-old 
seedlings and since they are not found regularly, their occurrence is 
apparently limited by some as yet undefined environmental factor. 
Host Influence on Mycorrhizal Expression 
The delicate balance among available nutrients, soil temperature, 
pH, aeration, and moisture influence the natural microflora of the root 
region (rhizosphere). Requirements for root nutrition of mycorrhizal and 
nonmycorrhizal plants differ markedly (Lobanov, 1955). If one accepts 
the presence of root exudates, then plants are able to influence the 
composition of their rhizospheric microflora by such root exudations 
(Garrett, 1956, 1970). Roots were shown to produce one or more growth 
promoting metabolites that were called factor M (Melin and Rama Das, 
1954; Melin, 1962, 1963). This factor has not been characterized fully; 
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studies only showing a conspicuous effect on basldlospore germination of 
fungal partners (Melln, 1962) and plant nonspeclflclty, as many plants 
can elicit such an effect. 
Mycorrhlzal fungi are quite similar to the litter dwelling sapro­
phytes In their enzymatic potentials. Ectomycorrhlzal fungi produce 
pectlnolytlc enzymes that breach the middle lamella and allow hyphae 
access to the Intercellular spaces of the cortex (Hacskaylo, 1957; Meyer, 
1966). These are root Inhabiting fungi under Garrett's definition (1956, 
1970). Melln (1963) feels that while some of the nycorrhizal fungi can 
degrade cellulose, they will not produce cellulase as long as the supply 
of soluble root carbohydrates is adequate. 
Nutrient Status of the Host 
Available nutrients 
Many workers have noted that nycorrhizae formed most abundantly at 
minimal host nutrient levels. Hatch (1937) had proposed that suscepti­
bility to infection was controlled, directly or Indirectly, by the 
internal root concentration of nutrient elements. These in turn were 
regulated by the availability of the nutrient in the external soil 
solution. The frequency of incidence and the degree of development of 
mycorrhizae were shown to be inversely related to the concentration of 
available nutrients in the soil (Mitchell et , 1937). In nutritional 
studies, mycorrhizae decreased in number and development with increases 
of any variable element (Mitchell, 1939). 
Much physiological work has been done with the uptake of nitrogen, 
phosphorus, and potassium, as related to soil fertility, by the group at 
the Black Rock Forest (Mitchell et ^ ., 1937; Mitchell, 1939; Mitchell 
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and Chandler, 1939; Finn, 1942). Other workers have concentrated upon 
specific salts or ions. Significant growth enhancement of pine seed­
lings with mycorrhizae was correlated with Increased phosphorus content 
of the seedling (McComb and Griffith, 1946). Excess phosphorus in re­
lation to nitrogen was unfavorable for mycorrhizal formation with the 
number of mycorrhizae formed being inversely proportional to the amount 
of phosphorus (Shemakhanova, 1962). Transport across the fungal sheath 
32 into the higher plant partner was shown by using P (Melin and Nilsson, 
1950). Other workers also have studied the absorption of phosphorus and 
other nutrient elements (Harley and McCready, 1952; Harley and Brierley, 
1954; Harley et , 1954, 1958; Melin et al., 1958; Harley and Wilson, 
1959; Carrodus, 1966, 1967; Bowen and Theodorou, 1967). By increasing 
levels of soil nitrate, mycorrhizal development was suppressed (Richards 
and Wilson, 1963), and an inverse nonlinear relationship existed between 
total nitrogen content of seedling roots and the number of mycorrhizae 
present. 
Using white pine seedlings (Pinus strobus L.) 300 ppm nitrogen in 
the external solution was optimal for maximum root development (Mitchell, 
1934; Finn, 1942), but natural soils seldom supply a nitrogen equivalent 
of more than 150 ppm (Mitchell, 1934). Both these studies also showed 
positive correlations between internal and external nitrogen concentra­
tions. The effect of nitrogen concentration on root systems proved to 
be proportionally greater than on the shoot. Greatest root size and 
weight occurred at nitrogen concentrations that were definitely limiting. 
When dry weight was used as the measure of absorbing surface, the 
greatest surface was present in the lowest nitrogen nutrient environment 
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with the absorptive area decreasing as nitrogen availability increases. 
Further, seedlings retarded in growth by nutrient deficiencies other than 
nitrogen apparently were capable of extracting nitrogen from the sur­
rounding medium at approximately the same rate as normal seedlings 
(Mitchell, 1934). The growth rate was more closely related to dry 
weight of roots than dry weight of shoots in red oak, Ouercus rubra L. 
(Kozlowski, 1971). Seedlings grown in a nitrogen nutrition series had 
an inverse relationship between their root/shoot ratios and the avail­
ability of nitrogen. Root development was more dependent upon adequate 
supplies of phosphorus, potassium, and calcium than upon nitrogen, the 
latter having a greater effect upon shoot growth stimulation. Shoot 
growth was more limited by nitrogen deficiency than was root development 
(Mitchell, 1939). The root/shoot ratio was found to be lower in mycor-
rhizal seedlings than nonmycorrhizal seedlings (Finn, 1942). Results 
indicating that production of mycorrhizae in forest soils can be stimu­
lated by fertilizer applications were opposite those obtained in pot 
culture experiments (Kozlowski, 1971). 
Root carbohydrates 
The carbohydrate status of the host is thought to influence 
mycorrhizal formation (Bjorkman, 1949). The carbohydrate status of a 
plant is associated intimately with the availability of mineral nutrients 
in the soil, especially phosphorus and nitrogen. At balanced N-P levels, 
adequate photosynthate is translocated to roots creating a food base for 
the establishment of mycorrhizae. At unbalanced N-P levels, less soluble 
root carbohydrate is present, thereby preventing initiation and re­
pressing colonization by mycorrhizal fungi- The phosphorus and nitrogen 
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balance influences the final pathway of photosynthetic output by chan­
nelling it into either carbohydrate or protein reserves. Soils rich in 
phosphorus and nitrogen produce plants that synthesize mainly proteins 
leaving little carbohydrate reserve in the roots. This in turn results 
in poor mycorrhizal formation (Shemakhanova, 1962). Mycorrhizae grow 
only in the presence of soluble carbohydrates and their formation is 
dependent apparently upon some definite physiological stimulus. This 
dependence perhaps explains the seasonal nature of mycorrhizal formation 
(Trubetskova et , 1955). Enhanced mycorrhizal formation was shown 
with phosphorus and nitrogen fertilization, each when applied alone and 
at low levels. Higher levels of phosphorus reduced the association 
(Trubetskova et 1955). A re-examination of Bjorkman's studies in­
dicated an opposite conclusion; mycorrhizal infection was the cause 
rather than the result of the variant carbohydrate concentration of roots 
(Handley and Sanders, 1962). Others have investigated Bjorkman's hypoth­
esis and found that the mycorrhizal percentage correlated with the ratio 
of soluble carbohydrate to total nitrogen but not with level of soluble 
carbohydrate alone (Richards and Wilson, 1963). The fungal partner 
absorbs soluble carbohydrates from the host and transforms them into 
reserve substances peculiar to itself (not re-available to host) thus 
maintaining the concentration gradient with respect to the host carbo­
hydrate levels (Lewis and Harley, 1965 a, b, c). One such reserve 
substance is thought to be glycogen (Fries, 1924; Laing, 1932; Melin, 
1953; Lewis and Harley, 1965c; Foster and Marks, 1966; Heydenburg, 1970). 
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MATERIALS AND METHODS 
Acorn Provenance and Handling 
Acorns were collected during the first week of September 1970 and 
in early September 1971 from a stand of white oak in Inis Grove Park, 
Ames, Iowa. Acorns from the same trees were used in previous studies at 
Iowa State University (Howe, 1964; Woodward, 1965, 1966; Randall, 1967). 
The seeds were taken to the laboratory and placed in large metal trays 
under incandescent lighting to facilitate drying and to attract weevils 
that might be present under the pericarp. After drying, acorns were 
placed in greenhouse rooting flats filled with Vermiculite^  and allowed 
to germinate for 4-6 weeks. Acorns collected in 1971 were undersized 
and proved to be non-viable. 
Acorns for the 1971-72 experiment were obtained through the auspices 
of Mr. Jerry Grebasch of the Iowa State Forest Nursery, Ames, from a 
mixed oak stand located in the Paint Creek Unit of the Yellow River 
State Forest in Allamakee County, northeastern Iowa. The acoms were 
shipped, along with other seeds, in 80-pound burlap potato bags to the 
State Nursery. The seeds were spread upon drying screens for selection, 
only those with adhering cups being chosen. These acoms were dried in 
(Si the laboratory as described before and placed in flats of Vermiculite^  
to germinate. After six weeks, germination was poor and the seeds were 
believed to be non-viable but were not discarded. They were placed on 
the floor of a greenhouse bay, at temperatures below freezing and watered 
once a week. By mid-March 1972 the acoms started to germinate, indicat­
ing a need for stratification. Although the acorns were collected from 
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Quercus alba trees, leaf morphology of some seedlings was indicative of 
2. macrocarpa Michx. or bicolor Willd. A number of leaves also had 
dentation reminiscent of muehlenbergii EngeLn. All these species 
were present in the original stand. 
At time of transplanting, seedling flats were submerged in water. 
In order to minimize root damage, individual seedlings were floated from 
the flats- Cotyledons and any secondary stems resulting from multi-
embryonate seeds were excised under water. Excision was done to remove 
stored food reserves available in the cotyledons. This makes the plants 
dependent upon their own photosynthetically derived products, thus 
giving a truer representation of growth under the variant situations 
imposed upon the seedlings in the course of experimentation. 
Fungal Inoculations 
The test fungi, two previously determined potential mycorrhizal 
formers, Russula veternosa Fr. (Woodward, 1965) and Amanita cothurnata 
Atk. (Randall, 1967), and an unidentified Basidiomycete that I isolated 
from stored -wfaite oak acoms in September 1969, were maintained in 
culture on 5% Difco malt extract agar. 
The acorn isolate was a very vigorous grower upon the agar and 
mutated frequently. The mutations were readily distinguishable by their 
differing growth habits and pigmentation of agar beneath the mycelium. 
Four distinct mutations were recognized and carried in culture at the 
time of rooting medium infestation. For the purposes of uniform in­
festation, all four mutant-types were introduced to each pot initially. 
In the 1970-71 experiments the soil series was not infested with the 
test fungi but rather checked for its natural nqrcorrhizal production 
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capacity at the variant nutrient levels and to see if the experimental 
conditions that were designed for sand culture could support soil 
cultures. The sand series was infested with the fungi, one test fungus 
per pot. Mycelial mats upon the malt extract agar were ground in dis­
tilled water in a Waring blender for 15 seconds. Into each sand pot, 
300 ml of the resulting fungal-agar-water mixture was introduced; 150 ml 
at the 4-inch level and 150 ml at the 2-inch level. An agar check treated 
in the same manner was employed in 25% of the pots. 
The soil series of the 1971-72 experiment was infested in a dif­
ferent manner, the previous experimental procedures being shown capable 
of supporting the soil system. Two fungi, R. veternosa and the acom 
Basidiomycete isolate, and an agar check were utilized. The fungi were 
cultured on 5% Difco malt extract agar. Infestation was by placement of 
three mycelial mats with accompanying agar into each pot at the 3-inch 
depth. This study was designed to check the competitive saprophytic 
ability of the infesting fungus as well as its mycorrhizae forming 
potential. This competitive ability and the ability to form mycorrhizae 
under more natural conditions of seedling growth in soil may or may not 
have been affected by selection during the time the fungus was maintained 
in culture. Thus, no attempts were made to sterilize the soil or other­
wise neutralize or inactivate the natural microflora or microfauna. To 
further test fungal survival, the seedlings were not planted until 90 
days after fungal introduction to the specific treatments. 
It was initially assumed that the fungi were capable of survival in 
the soil. At time of seedling planting, the soil that was initially in­
fested with the acom Basidiomycete isolate had macroscopically evident 
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white mycelitim ramifying throughout the soil, especially in forest soil. 
However, soils infested with the R. veternosa had no such fungal growth. 
It then became desirable to see if both fungi were truly capable of 
supporting themselves as soil saprophytes. 
A soil survival testing situation was set up designed to run for at 
least a six-week interval. Ihe test apparatus was comprised of a 16-inch 
section of Pyrex 60 mm (inside diameter) glass tubing, the employed 
soils, and the test fungi. The tube was filled with soil for the middle 
14 inches, leaving a 1-inch space at either end. The soil was initially 
approximately 70% field capacity. One end of the tube was plugged with 
moistened, non-absorbent cotton to cut evaporation. The fungus was 
introduced to the other end of the tube at a 3-inch depth either as a 
mycelial mat on agar (5% Difco malt extract) or as a fungal-agar-water 
suspension resulting from 15 seconds in a Waring blender. This tube end 
was covered with soil and the end of the tube plugged with moist, non-
absorbent cotton. 
The fungi grew from the point source and could be seen growing 
throughout the tube. Fungal recovery from the tubes was by one of three 
techniques; the serial washing technique employed by Harley and Waid 
(1955), the soil plate isolation of soil fungi designed by Warcup (1950, 
1951a, 1951b), and the direct removal of hyphae from soil, also devised 
by Warcup (1955, 1957, 1959). 
Growth Medium 
1970-71 Experiments 
The seedlings were grown in large pot culture with subsurface 
watering in the forestry section of the research greenhouse complex at 
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ISU. The seedlings were grown in either sand or soil culture. The pots 
were 5-gallon plastic garbage cans with bottom connections to allow 
entrance and exit of culture solutions. Inside each pot in the center, 
attached to the connection, was a stiff Tygon tube extending upward. 
The lower two-inch section was perforated to allow passage of liquid. A 
cone of fine mesh galvanized aluminum screening separated the tube per­
forations from the culture medium. External to the screening was a layer 
of # 10 quartz gravel (on a scale derived by the American Graded Sand 
Co., Chicago, 111. and Paterson, N. J.) to within % inch of the top of 
the cone. Next a layer of # 9 quartz gravel covered this basal layer to 
the top of the screen. The third layer was % inch of # 1 quartz sand 
(flint shot size). Next was a 1% inch layer of powdered charcoal de­
signed as a particulate filter. Finally, the pot was filled with # 1 
quartz sand or one of the soils. 
The soil came from four Iowa sites, three from white oak forest 
areas and the other fran a non-forest situation. The forest sites were 
the Mitigwa Boy Scout Reservation in Boone County, in Pilot Knob State 
Park, and the Lucas Unit, Stevens State Forest; the three western white 
oak sites used by Howe (1964). The non-forest site was from beneath the 
old botany greenhouses, what is now the Bessey Hall back parking lot. 
These sites were chosen because of their differences. 
The Mitigwa soil is of the Hayden series. Such a soil has a fairly 
good drainage and is of Wisconsin glacial drift origin. The Aj horizon 
averages 8 inches in depth and is a light grayish brown floury silt loam 
with a texture varying to a fine sandy loam; the A2 is a heavier gray 
silt loam. The B and C horizons are yellow-gray-brown clay loams, the 
23 
C having a more friable calcareous texture. 
The soil from Pilot Knob is of the Storden series and is of a 
Wisconsin glacial till origin. The Ai horizon is up to 10 inches in 
depth and is a dark gray brown to black loam with a fair amount of sand; 
the A2 is a dark brown heavy loam. The B horizon is a yellowish brown 
silty clay loam while the C horizon is a buff clay loam that is gravelly 
and quite calcareous. 
The Lucas soil is of the Lindley series developing under forest 
from Kansan till, and is a soil of steeper slopes being subject to 
erosion. The Ai horizon is a shallow (5-inch) light brownish gray loam; 
the A2 if present is very narrow and similar to the Ai. The B horizon 
varies from yellow brown clay loam to clay (up to 40%). The C horizon is 
leached clay loam to clay till. Iron-manganese concretions are abundant 
in both the B and C horizons. 
The non-forest soil is a Webster silty clay loam, a poorly drained 
soil (humic-gley) of Wisconsin drift origin. The Aj^  horizon is a very 
dark gray-brown to black silty clay loam; the A2 is a heavy gray brown 
silty clay loam. The B horizon is a mottled brown to olive gray silty 
clay loam, while the C horizon is a gritty olive gray calcareous loam 
till. The soil characterizations are derived from Brown (1936) and 
Simonson et al. (1952). 
On the scale of mycorrhizal presence. Pilot Knob was the most 
fertile site as native white oak roots bore few mycorrhizae. Mitigwa was 
less fertile as more native mycorrhizae-bearing roots were found. The 
Lucas site was least fertile as native roots had abundant nycorrhizae. 
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The non-forest soil could not be characterized on this basis as only 
herbaceous plants were present. 
One pot of each soil type was steam sterilized in an autoclave for 
two hours at 15 pounds pressure and 121°C before potting, to allow assay 
of differences between autoclaved and natural soil. A layer of leaves 
collected from each site was placed atop the soil surfaces and a 3/4 
inch layer of Vermiculite^  was placed atop the sand pots to reduce 
surface interface evapo-transpiration to a minimum. Seedlings were 
planted three to a pot in roughly an equilateral triangular formation. 
1971-72 Experiments 
In the 1971-72 experiments the actual pots were the same but thrice 
washed pea gravel obtained from the Hallett Gravel Quarry, Ames, thought 
to afford better drainage and basal aeration was used as the basal layer. 
Next, a layer of # 9 quartz gravel was followed by a layer of # 1 quartz 
sand. No charcoal filter was employed, the soil going directly atop the 
sand. The soils were selected this time to represent a forest versus a 
prairie condition to test fungal and seedling survival in such diverse 
soils under the variant nutrient levels employed. The forest soil was 
from the Mitigwa Boy Scout Reservation (characterized previously). 
The prairie soil was from the railroad right-of-way, 1% miles east 
of McCallsburg, Iowa. This is land that has not been farmed for at 
least 75 years (if ever) and supports a long-grass prairie ecosystem. 
The soil is a Webster clay loam, also a humlc-gley of Wisconsin drift 
origin. The A horizon is a very dark grayish brown to black clay loam. 
The 6 horizon is a dark drab compact clay loam to clay that is more sllty 
with depth, while the C horizon is a mottled gray, gritty sllty clay. 
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No provisions were made to prevent soil surface evapo-transpiration. 
The seedlings were planted four to a pot in roughly a square around the 
central tube. 
Soil collection 
Field soil in all cases was collected in late October of the 
respective years. All surface litter and vegetation was removed first 
from the test area. Where possible, the A horizon was removed carefully 
allowing minimal disturbance of the upper B horizon, since I believed 
that the A horizon was the zone of main feeder root growth. The soil 
was fairly well mixed in carrying and transporting to Ames. The larger 
rootlets and rocks were removed as the soil was added to pots. Thus, 
all containers received soil of fairly uniform texture and hopefully an 
accurate composite of the material available. 
Watering system 
The subsurface watering system utilized an air compressor and 
operated on the forced air displacement principle with a gravity drain. 
The nutrient solution was placed in a 20-liter carboy initially. As air 
was forced into the carboy through a small tube, the liquid was forced 
up the central tube and into the base of the pot. Air flow was maintained 
for sufficient time to flood the surface of all pots, then released, 
allowing slow drainage by gravity back into the carboys as the trapped 
compressed air escaped both by bleeding through the pot and through a 
solenoid valve on the compressor. 
A water column allowed an automatic cut-off should displacement 
lower the solution level of the carboys below a certain point; in my 
experiments cut-off was at 6 liters. Solution levels in the carboys 
26 
were maintained at the 18-1 mark by back flushing the pot with the 
necessary amount of distilled water. The water was poured over the pot 
surface and allowed to seep into the carboy by gravity drainage. This 
leached any nutrient that may have built up in the medium back into the 
carboy. The back flush was done normally every 8 days, but during 
periods of high evapo-transpiration, every 6 days. 
Nutrient Solutions 
The nutrient solutions utilized were chosen so that their formu­
lations would supply the growing seedlings with the necessary macro- and 
micro- elemental nutrients necessary for good and continuing growth. It 
also was desirable to vary the level of particular constituents while 
holding the other components constant in order to assay growth effects. 
The 1970-71 study employed various modifications of Hoagland's solution: 
full strength, half-strength, low phosphorus, low nitrogen, low nitrogen 
and phosphorus, and distilled water only (including four instances of 
distilled water only plus autoclaved soil). The parts per million dis­
tribution of the specific elements as found in the solutions in the 
carboys were higher than expected as there were formulations of 28 liters 
concentrated into an 18-liter aliquot in the carboy (Table 1). 
The 1970-71 results showed that these nutrient levels were not 
feasible; therefore, the 1971-72 study utilized a different nutrient 
regime. Mitchell (1934) used a nutrient addition to natural soils to 
supplement fertility in pot culture of white pine (Pinus strobus L.) 
and scots pine (Pinus sylvestris L.). I adopted his nutrient system. 
The parts per million of various elements were lower in this instance 
than in the case of Hoagland's solutions (Table 2). The variants were 
Table 1. Parts per million elemental determination of the nutrient solution employed in the 
1970-71 study 
Formulation* Phosphorus Potassium Nitrogen Calcium Sulphur Iron Magnesium 
Full Hoagland'8 896 644 1372 2128 1820 5 1344 
1/2 Hoagland's 448 322 686 1064 910 2.5 672 
Low phosphorus 182 644 1064 2128 1820 5 1344 
Low nitrogen 896 129 605 428 1820 5 1344 
Low nitrogen and 
phosphorus 
182 129 277 428 1820 5 1344 
® Hoagland solution components: 
MgSO^  • 7 HgO 
NH4H2PO4 
KNOg 
Ca(N02)2 • HgO 
Iron EDTA 
Microelements . 
Table 2, Parts per million elemental determination of the nutrient solution employed in the 
1971-72 study 
Formulation^  Phosphorus Potassium Nitrogen Calcium Sulphur Iron Magnesium 
Basic 253.4 319.4 96.8 363.8 231.5 3.4 175.6 
Basic 
plus nitrogen 253.4 319.4 193.6 363.8 231.5 3.4 175.6 
Basic 
minus nitrogen 253.4 319.4 0.0 363.8 231.5 3.4 175.6 
Basic 
minus phosphorus 0.0 319.4 96.8 363.8 231.5 3.4 175.6 
Basic 
minus nitrogen 
minus phosphorus 0.0 319.4 0.0 363.8 231.5 3.4 175.6 
 ^Basic solution components; 
KHgPO* 
MgSO^  • 7 HgO 




Hoagland microelemental formulation • 
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the basic solution, basic plus nitrogen, basic minus nitrogen, basic 
minus phosphorus, basic minus nitrogen and phosphorus, and distilled 
water only. 
Full nutrient strength was achieved over time in both instances. 
The 1970-71 series was brought to the desired nutrient levels over a 
40-day period after seedling planting. The first increment, a 9-liter 
formulation, was applied 10 days after planting; the second increment, 
a 10-liter formulation, added 10 days later; and the final 9-liter formvt-
lation added 10 days later. The 1971-72 series was brought to the 
desired nutrient levels 30 days after seedling planting. The initial 
9-liter formulation was added 20 days after planting and the final 
9-liter formulation, 10 days later. After the last formulation was 
applied, the solutions were considered to be at full strength and no 
further increments were added. Solution levels were maintained by the 
addition of distilled water in the backflushing process described earlier. 
The 18-liter formulation was chosen for the 1971-72 series as opposed to 
the 28-liter formulation of the 1970-71 experiment because the experi­
mental period was shorter, thereby nutrient utilization should not be as 
high. 
Arrangement of Treatments in Greenhouse 
1970-71 Experiment 
The pots representing soil, sand, filter, and non-filter were 
placed in the greenhouse bay in a completely random design. Position 
was assigned over three benches by use of a random number table. The 
experiment lasted 10 months (approximately 320 days), from November 1970 
through October 1971. Data were collected at time of harvest and an 
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analysis of variance was run. An analysis of covariance was done also 
for several variants. The F-values were derived from Dixon and Massey 
(1957). 
1971-72 Experiment 
The earlier experiment showed a definite positional effect on the 
growth of plants across the greenhouse bay. Attempts were made to 
minimize this positional effect. Each of the three benches was designated 
as a complete block. As the experiment had three replications, each 
block was also a complete replication (each treatment combination 
appearing once in each block). Replications were assigned to blocks by 
using a repeated 3x3 Latin Square. The pot position in each block was 
determined by the random numbers table. 
The experiment was designed for a duration of 100 days, the time 
interval employed by Mitchell (1934). However, because of complications 
at the end, it actually lasted 110 days (May 26 - September 12, 1972). 
Data were again collected at harvest time and an analysis of variance 
was carried out. 
Changes in pH 
The pH changes over the experimental period were considered in the 
1971-72 experiment. The massive dosages of salts added through the 
nutrient supplements were thought to have some effect upon the soil that 
would be reflected in alterations of pH over the treatment time. The 
effects that soil pH, both before and after nutrient addition, had upon 
the survival of the infesting fungi and on their subsequent ability to 
form mycorrhizae were desirable information. Further, how was the 
repeated addition of distilled water, to maintain solution levels. 
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affecting the solution and subsequently the soil pH. The distilled 
water employed had an initial pH of 7.02 and the question was raised as 
to how these dilutions would affect the pH of the carboy solution and, 
directly or indirectly, the soil pH. 
The method for determining the pH was that of Peech (1965) for 
measuring the soil pH in water. Soil was collected at four times; 
before nutrient additions, 16 days after solution was at full strength, 
at a time midway through the experiment, and at time of harvest. Col­
lections were made in 3-ounce Dixie cups and allowed to air dry for i 
several days. The dry soil was transferred to a mortar and ground with 
a pestle so any peds present were pulverized yielding a soil of uniform 
particulate consistency. A 20 g. sample of this soil was placed in a 
50-ml beaker and 20 ml of distilled water added. The resulting paste 
was stirred three times in the next 30 minutes and the resulting sus­
pensions allowed to settle for an hour. The pH readings were taken with 
a Beckman Expandomatic®SS-2 pH meter equipped with both a glass-calomel 
and a reference electrode. The readings were recorded and statistically 
analyzed. 
Instrumentation 
During the harvesting of the plants, an index leaf considered to 
be the typical leaf on the plant was chosen. This leaf was average in 
size, morphological shape, and color for the plant. This leaf color, as 
well as the color of the root 1 inch below the root collar, was determined 
by matching with Munsell color charts for plant tissues (1963). Stem 
and root diameters were determined. They were read directly from a dial 
guage caliper. 
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Fresh weights and dry weights were determined on a Mettler P 1200 
top loading balance graduated in 0.1-gram increments. The various plant 
parts were bagged in # 6 and # 10 Oliphant bags and placed in a forced 
air drying oven to desiccate at 70°C for at least 24 hours. Forty-eight 
hours was the usual lapse between fresh and dry weighing. 
Subjective Ratings 
Roots were considered in an active growing state if the terminal 
region was white colored and succulent. The active growth percentage 
was estimated on this basis. The root system development index was on 
a 1 - 5 scale, based on the number and frequency of branch and secondary 
roots. Class 1 had no emergent secondary or branch roots and had a 
swollen, aborted tap root. Classes 2, 3, and 4 were intermediary, 
based on the number of secondary and branch roots per given area. Class 
5 had a well developed tap root with abundant secondary and branch roots 
emergent all along its length. 
The mycorrhizal percentage was a gross macroscopic estimation. 
Short roots were examined and enlarged, swollen, off-color roots were 
considered mycorrhizal (later microscopic examination confirmed this 
identification). This deviation from an uninfected short root was evi­
dent when passing the root system over a white surface. Ten secondary 
roots were examined at random and the percentage of these bearing 
mycorrhizae was considered the nycorrhizal percentage for the entire 
seedling. 
bndogone Collections 
During the summer of 1972 the presence of phycomycetous fungi of 
the Endogone type was determined in soil saiiq>les from the six sites of 
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Howe (1964) to check for potential endomycorrhizal associations of 
white oak. No attempts were made to isolate endomycorrhizae from white 
oak roots. Six soil samples were taken from each site, evenly spaced 
along two transects across the site, to provide an adequate and fairly 
accurate representation of the microflora. Six composite samples were 
taken from the prairie soil utilized in the 1971-72 greenhouse experi­
ment. The Endogone sporocarps were isolated from the soil by the wet 
sieving and decanting method (Gerdemann and Nicolson, 1953). The sporo­




1970-71 Experimental Series 
Soil series 
The greenhouse arrangement employed in this experiment was designed 
for sand systems and therefore, it was not certain whether or not it 
could be satisfactorily used for a soil set-up. Fear was expressed that 
silt-size clay particles would filter into the carboys and occlude the 
various tubes. Thus, a charcoal filter was employed to adsorb the silt-
sized particles and keep the liquid free from soil particles. This 
principle was based on rain water filtration systems for farm drinking 
water. However, the selective adsorption and removal from solution of 
specific ions and ionic complexes by the charcoal was not taken into 
cons ideration. 
The nutrient levels employed were so high that the charcoal filter 
could not adsorb all the excess ions and many plants showed the effects 
of excessive fertilization; i.e., salt bums along leaf margins and 
vegetative malformations. Also some striking cases of mineral deficiency, 
especially iron chlorosis, appeared. The excessive levels of all salts 
made it difficult to pinpoint the specific ions eliciting the stress 
responses; therefore, it was assxaned that several ions caused the symptom 
complex as the observed reactions were not typical of described ionic 
excesses. Leaves were frequently and abundantly tip and marginally 
necrotic; often having interveinal necrotic lesions as well. 
The steam sterilized soils presented the most problems. The soil 
stood for six days after steaming to reduce chances of s team-residue 
toxicity on the newly planted seedlings. Whether there was residual 
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toxicity in the soil, or whether steam exposure altered the colloidal 
structure of the soil and its resulting ion exchange capacity are unknown. 
In any case, the seedlings planted in these pots grew poorly, if they 
survived at all. At least one of the three seedlings in each pot 
died, and in most cases two seedlings did not survive. Surviving seed­
lings were stunted and unthrifty, and did not seem to be recovering even 
at the termination of the experiment. At harvest, the tap root was 
swollen greatly and stunted in length, with few to no active secondary 
roots. Foliage was sparse and iron chlorotic, and when such a tree 
flushed the growth increment was much reduced. 
Seedlings in the non-steam sterilized soil had better survival and 
were of a more thrifty growth habit. I had expected plants grown in the 
soil from Pilot Knob to have slight growth improvement over the range of 
nutrients because this soil was initially the richest, as evidenced by 
the relative scarcity of mycorrhizae in the natural state. Aside from 
the innate phenotypic and genotypic variation among individuals, there 
was not much difference in relative growth among plants across the 
nutrient range if pot averages were considered. The poorest growth was 
on the low N-P treatment. The seedlings receiving no nutrient amendment 
were not markedly different from the test seedlings which again would 
appear indicative of the high initial fertility level of the soil. 
Seedlings grown in Mitigwa soil, the second richest as determined 
by natural mycorrhizal density, were expected to show more measurably 
enhanced growth across the nutrient series. Again, within pot variation, 
due to genetic differences, was high. Poorest growth occurred in the 
half Hoagland's and low N-P treatments, while best plant growth was in 
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low P and low N treatments; exceptionally large members in the latter 
two cases accounting for the differences. Otherwise, plant growth among 
the various treatments did not vary widely. 
Seedlings grown in Lucas soil, initially the poorest as seen by 
the large number of natural mycorrhizae supported, were expected to show 
marked enhancement across the nutrient range. Genetic variability again 
showed a wide within pot variation. However, plants in the water only 
treatment showed the least variance and best over-all growth; those in 
the half Hoagland's and low N-P treatments again showed the poorest 
growth. 
The non-forest soil was thought to be fairly high in nutrients 
initially and growth was expected to be good. Seedlings exhibited the 
least genetic variability in this soil and the overall plant vigor was 
the poorest. Two of the plants in the water only treatment died, and the 
third was stunted. One plant of the full Hoagland's treatment also died. 
All plants were stunted and all root systans poorly developed. Tap 
roots were generally short and often swollen. Lateral roots and root 
hairs were very sparse, the lateral roots were generally static. The 
root systems were not as stunted as those observed in steam-sterilized 
soil. It is doubtful, though, if these plants could survive in other 
than a greenhouse environment. 
Qualitative observations showed little significant variation among 
soil types or nutrients as manifested upon plant growth variance. Yet, 
quantitative observations indicated that several factors were affected 
to a statistically significant level of 5% (Table 3). 
Table 3. Analysis of variance of growth measurements of white oak for the soil series in the 
70-71 experiment 
Factor tested Variable F value 
Total dry weight soil 3.46* 
Root dry weight soil 3.07 
Shoot dry weight soil 4.42* 
Leaf dry weight soil 6.35** 
nutrient 3.75* 
Root system development soil 2.86 
Percentage roots actively growing soil 10.08** 
Length tap root soil 4.61* 
Root diameter soil 2.44 
Shoot height growth soil 8.11* 
nutrient 3.28* 
Shoot diameter soil 7.09** 
Number of leaves soil 5.02* 
Total leaf area soil 6.44** 
nutrient 3.44* 
* 
Denotes significance at .95 level. 
** 
Denotes significance at .99 level. 
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The experimental variable, nutrient level, revealed a 5% signif­
icance in three aerial vegetative categories; shoot height growth, total 
leaf area, and leaf dry weight. Increasing nitrogen fertility tends to 
enhance and prolong the period of vegetative growth. The increased 
photosynthetic area thus resulting produced additional photosynthate 
that was rechannelled into vegetative growth processes rather than being 
converted to root storage products, probably accounting for the observed 
significance. 
Soil type was shown significant at the 5% level for several factors 
tested. Interestingly enough it, too, showed 5% significance in the 
same three aerial categories as did nutrient level. Probably this was 
due to the nature of the test of significance employed. Because of the 
small sample size, the respective soil and nutrient mean squares were 
tested against the nutrient x soil interaction mean square that was 
considered the error term. The soil was shown to influence shoot 
diameter and the percentage of actively growing rootlets at the 1% 
level of significance. Higher N levels tend to cause spindly stems due 
to increased height growth. However, increased height growth did not 
occur; rather, the stems grew thicker. The significance arises because 
of the large variance in diameters observed between low N-P and water 
only treatments and the full and half Hoagland's. The physical prop­
erties of the soils, related to texture and porosity, influence active 
root growth. The more compacted soils with less resulting pore space 
(the Lucas and non-forest soils) had fewer active rootlets. 
Mycorrhizae were few to absent in all instances. This was thought 
to be due to the elevated nutrient environment on the plants. Mycorrhizal 
39 
recognition was confounded by the presence of abundant shortened secondary 
roots that macroscopically resembled mycorrhizal short roots. Such roots 
were show microscopically to be free of fungal investment. The per­
centage of mycorrhizae present in the root system was employed as a 
covariate in an analysis of covariance but nothing statistically signif­
icant above the .50 level resulted. 
Sand series 
The sand culture pots also contained charcoal filters. Five pots 
across the nutrient range were left unfiltered to check the effects of 
the filter alone. More replication was necessary to minimize genetic 
variation but with what data were present, the growth of trees in pots 
without the filter, expressed as total dry weight of seedling, appeared 
better than those trees grown with the filter. However, in the low N 
treatment, seedlings grown over the filter showed a considerable increase 
in dry weight. This result seems to lend credence to findings about 
activated charcoal increasing nitrogen mobilization and fixation (Hewitt, 
1966). Further, the plants grown without the filter have a root/shoot 
ratio averaging closer to 3.0 than those grown with the filter. Both 
show poor ratios for the low N-P treatment but this was probably due to 
the vast ionic imbalances present. 
Again, salt levels were very high and evidence of excessive fertil­
ization clearly was present. At the full and half Hoagland's treatments, 
many leaves were marginally and tip necrotic with frequent interveinal 
necrosis. Plants at low N-P and water only treatments showed prominent 
deficiencies. The green island type main veins described by Doak (1955) 
for P deficiency were abundant. Symptoms also were present that closely 
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resembled K deficiency but definite confirmation would depend upon an 
elemental analysis of the plants. Iron chlorosis was severe and 
prominent; several trees in the water only treatment defoliated. The 
Ca excess probably aggravated the situation in the low N-P treatment. 
Trees in the water only treatment were consistently poor. The 
trees grew little after being planted, apparently growing only until 
seed and seedling reserves were erfiausted and then applying any photo-
synthate derived to maintenance rather than additional growth. They 
quickly showed mineral deficiencies, becoming promptly and prominently 
necrotic and static. Reduced height growth was accompanied by the 
development of a fairly extensive root system. Most secondary roots 
were in the active state and root hairs were abundant. Seedling dry 
weights were severely reduced, the reduction relating directly to the 
nutrient deficiencies. The root/shoot ratios were very high because of 
the static aerial portions and enlarged root system. 
Trees in the low N-P treatment showed deficiency symptons for iron 
and phosphorus and to a lesser extent, potassium. There was a definite 
necrotic zone along the leaf margins. Next to this necrosis were 
chlorotic areas that gradually assumed bright red zones on the inner 
edges. These areas progressed slowly inward toward the mid-vein, the 
outer edges progressively turning necrotic. Such symptomology probably 
resulted from a combination of deficiencies rather than being attributable 
to one particular ion. Height growth was slightly reduced as was the 
total dry weight. The root/shoot ratios were greatly elevated, almost 
to the levels seen in the water only treatment. The root system was 
considerably more developed than the shoot system. 
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Trees in the half Hoagland's, low P and low N treatments were 
relatively equal in appearance. Plants in the low P treatment showed a 
reduction in height growth and an increase in the root/shoot ratios; but 
plant total dry weight increased. The between plant variations were not 
that marked except for height growth and that was probably explainable 
by the imbalances between N and P, and between Ca and P in the low P 
treatment. The plants showed symptoms of P deficiency described by 
Doak (1955). There was a better balance between root and shoot growth 
in the three treatments than in the other treatments. 
Trees in the full Hoagland's treatment showed the best overall 
growth. The trees were taller and had greater average dry weights. 
Their root/shoot ratio was closest to 3.0, about 3.34. The trees 
uniformly showed evidence of mineral excess as virtually all leaves 
exhibited marginal and tip necrosis. 
Mycorrhizae were not abundant and were difficult to recognize among 
the aborted secondary roots. Hyphae were in evidence around roots which 
upon microscopic examination showed no evidence of either a sheath-type 
investment or of a parasitic relationship. Again, mycorrhizae probably 
were suppressed by the elevated nutrient levels, especially nitrogen 
and phosphorus. Thus, this experiment was poor for determining the 
mycorrhiza forming potential of the three test fungi. The trees in the 
pots infested with Russula vetemosa showed a marked improvement in 
height growth and total dry weight at the half Hoagland's treatment. 
Total dry weight of trees exposed to the acom isolate and Amanita 
cothumata was greatest at full Hoagland's. A few mycorrhizae were 
observed in non-infested pots, but their origin is unknown. Thelephora 
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terrestrls Ehrh. ex Fr. vas observed fruiting with other potted oaks in 
the greenhouse bay and it was assumed that these sporocarps may have 
served as a locus for airborne inoculum possibly accounting for some of 
the unaccounted for mycorrhizae. Spores also could have been carried in 
through the open top vents In the bay. Possible inoculum spread due to 
splashing between pots was minimized by the physical set-up. 
The variable, nutrient treatment, showed statistical significance 
at the 5% level for leaf dry weight and at the 1% level for the root/ 
shoot ratio (Table 4). The leaf dry weight significance can probably be 
accounted for by the high nitrogen levels and the phosphorus imbalances 
found. The leaf dry weight showed a variance of 1.0 g among the various 
treatments. The root/shoot significance most likely resulted from the 
elevated ratios observed in the low N-P and water only treatments where 
some individual ratios reached 8.50. 
1971-72 Experimental Series 
While the physical experimental arrangement could support the soil 
system, the soil itself presented problems. The forest soil in several 
instances was more compacted thereby reducing pot drainage. Apparently 
the soil in these pots contained higher percentages of clay, although the 
soil did not appear different from that in adjacent pots. The prairie 
soil also varied strangely in a few pots. A hardened, scumny appearing 
layer developed at the soil surface. This layer became shiny, gray and 
impervious to water. The layer was removed at time of planting and did 
not reappear. A later suggestion indicated that perhaps the layer was 
due to calcium excesses in the soil, but unfortunately the layer could 
Table 4. Analysis of variance of growth measurements of white oak for the sand series In the 
70-71 experiment 
Factor tested Variable F value 
Shoot dry weight nutrient 2.69 
Leaf dry weight nutrient 2.98* 
Root/shoot ratio nutrient 8.32** 
Shoot/root ratio nutrient 2.12 
Percentage roots mycorrhlzal fungus 1.94 
Percentage roots actively growing fungus 2.20 
Root diameter fungus 4.30* 
Total leaf area nutrient 1.61 
Denotes significance at .95 level. 
Denotes significance at .99 level. 
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not be analyzed because it had been discarded. In general, as the 
prairie soil dried, it tended to become very hard and aggregated into 
large, hard clods that did not break easily until the soil was revetted. 
The forest soil tended to hold its moisture longer and dried to a more 
powdery consistency. 
The initial nutrient status of the soils was unknown, but nutrient 
excess symptoms did not appear among the seedlings. Some of the seed­
lings did show symptoms of chlorosis, however. The iron source was 
ferric citrate, and was difficult initially to obtain in solution. The 
yellowing observed may not have been due to iron chlorosis even though 
pH levels, in many cases, were high enough for lime induced iron 
chlorosis to occur. The seedlings were on an 18-hour photoperiod, being 
exposed to virtually full sunlight for a good portion of that period. 
Thus, the chlorotic symptomatology may have been the result of photo-
oxidation of chlorophyll. Both factors may have contributed to the 
observed yellowing. 
Considering the experimental means, the averages of 72 trees in the 
different nutrient treatments (Table 5), both soils seemed to be initially 
poor in nitrogen and to a lesser extent in phosphorus. In the treatments 
where N was lacking, growth appeared less when compared with growth at 
the basic level. Growth improved over the basic level in the plus N 
treatment indicating that the addition of 194 ppm N to the original soil 
nutrient reservoir had not raised the soil N level to the point of great­
est influence upon seedling growth. Mitchell (1934) found the soil 
supply of N seldom to be equivalent to 150 ppm. It would appear that 
the 300 ppm N he found optimal for white pine may be similar for white 
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Table 5. Treatment means of growth measurements of white oak in both 
prairie and forest soil for 18 pots (72 trees) across the 
nutrient series in the 1971-72 experiment 
Nutrient Stem height (cm) Total dry weight (gm) Root/shoot ratio 
Basic 45.18 36.78 1.33 
+ N 56.34 45.96 0.95 
- N 25-01 11.64 2.17 
- P 34-57 20.23 1.39 
- NP 24.40 13.53 2.21 
Water only 27.73 16.48 2.10 
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oak- At the minus P level, growth was better than that at the minus N, 
minus NP and water only treatments. This would support indications that 
phosphorus was also deficient in the soil, although not to the extent 
that nitrogen was. 
The prairie soil appeared initially less deficient in N, expressed 
in plant growth, than the forest soil (Table 6). There was less growth 
variance between plants in the basic and plus N levels in prairie soil 
than there was between plants in the same two treatments in the forest 
soil. There was not as great a variance in stem growth among plants in 
the soils at the minus N, minus P, minus NP, and water only treatments 
as there was between the dry weights of the plants in the two soils at 
the same levels. The differences between the two soils accounted for the 
differences in the root/shoot ratios at the same nutrient levels because 
there was less total weight in the trees in the forest soil to be 
variously distributed among the seedling parts. 
The concept of an inverse relationship between the nitrogen supply 
and root development held. Where nitrogen was lacking in the nutrient 
treatment, roots were considerably more slender than ^ ere N was present, 
the thickest roots occurring at plus N (Table 7). The root length was 
also shorter where N was lacking. However, once a root contacted the 
bottom of the pot, length growth ceased; and the pot depth was in the 
same range as the observed root lengths. 
Where N was added to the soil there was a marked increase in seed­
ling vegetative growth, especially in number and weight of leaves, and 
in total leaf surface area. Number of leaves increased by at least 
one-half, leaf surface area increased by at least a factor of 2, and 
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Table 6. Treatment means of growth measurements of white oak for 9 
pots (36 trees) across the nutrient series in prairie and 
forest soils in the 1971-72 experiment 
Nutrient Soil Stem height Total dry Root/shoot 
(cm) weight (gm) ratio 
Basic Prairie 48.70 39.40 1.19 
Basic Forest 41.67 34.16 1.47 
+ N Prairie 49.36 40.25 1.05 
+ N Forest 63.32 51.68 0.85 
- N Prairie 25.35 13.09 2.09 
- N Forest 24.66 10.19 2.25 
- P Prairie 34.86 21.94 1.43 
- P Forest 34.29 18.52 1.36 
- NP Prairie 24.66 15.11 2.08 
- NP Forest 24.14 11.94 2.34 
Water only Prairie 28.63 17.79 1.89 
Water only Forest 26.84 15.18 2.32 
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Table 7. Treatment means for 9 pots (36 trees) across the nutrient 
series in prairie and forest soils for root growth measure­
ments of white oak in the 1971-72 experiment 
Nutrient Soil Root Length Root Diameter 
(cm) (cm) 
Basic Prairie 35.42 1.40 
Basic Forest 35.14 1.45 
+ N Prairie 35.53 1.52 
+ N Forest 34.00 1.78 
- N Prairie 32.89 1.00 
- N Forest 31.56 • 0.94 
- P Prairie 34.33 1.16 
- P Forest 33.17 1.25 
- NP Prairie 32.81 1.05 
- NP Forest 32.64 1.02 
Water only Prairie 31.58 1.13 
Water only Forest 31.08 1.04 
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dry weight of leaves increased by a factor of from 2 to 4. 
The root/shoot ratios were indicative of the relative distribution 
of net photosynthate among the aerial and subterranean portions of the 
growing plant. The trees exposed to added nitrogen increments showed 
lower root/shoot ratios (Tables 5, 6) indicating that the shoot system 
was growing as rapidly as or more rapidly than the root system was 
growing and accumulating storage products. The shoot system was develop­
ing most rapidly in the plus N treatment, especially in the forest soil. 
In treatments where N was lacking, the shoot system was more static 
while the root system was developing to a greater extent, resulting in 
the increased ratio. Trees in the minus N treatments were in their 
third growth interval (i.e., have flushed twice beyond seedling growth 
phase) (Table 8). Seedlings in the plus N treatments were in their 
fourth or fifth growth increments accounting probably for the observed 
root/shoot ratios of around 1.0. 
The variable, nutrient level, was significant at the 1% level 
(Table 9) against most of the factors tested. Such significance relates 
mainly to N fertility. The soil also showed significance with a number 
of factors; at the 1% level for number of flushes, number of leaves, 
fresh and dry weight of leaves, and at the 5% level for the index and 
total leaf areas. There was a positional effect that was significant 
for several factors. The southernmost bench differed greatly from the 
central and northern benches. The southern bench was in full sunlight 
longer than the others. Overall growth was poorest on this bench and 
best on the middle bench. The poorer growth at the south bench un­
doubtedly accounted for the positional significance. 
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Table 8. Treatment means for 9 pots (36 trees) across the nutrient 
series in prairie and forest soils for the number of growth 
flushes of white oaks in the 1971-72 experiment lasting 
110 days 
Nutrient Soil Number of flushes 
Basic Prairie 3.27 
Basic Forest 2.72 
+ N Prairie 3.56 
+ N Forest 3.64 
- N Prairie 2.17 
- N Forest 2.11 
. - P Prairie 3.06 
- P Forest 2.67 
- NP Prairie 2.44 
- NP Forest 2.11 
Water only- Prairie 2.63 
Water only Forest 2.22 
Table 9. Analysis of variance Indicative of the significance of the growth facets of white oak 
measured In the 1971-72 experiment 
Factor tested Variable F value 
Stem height nutrient 71.77 ** 
nutrient x soil 5.38 * 
nutrient x fungus 1.74 
nutrient x soil x fungus 2.14 * 
Stem diameter nutrient 91.76 ** 
nutrient x soil 5.81 * 
bench 51.52 ** 
Number of branches nutrient 13.26 ** 
soil X fungus 2.87 
Number of flushes nutrient 26.34 ** 
soil 10.26 ** 
nutrient x soil x fungus 1.67 
Number of leaves nutrient 44.44 ** 
soil 9.32 ** 
soil X fungus 2.17 
Index leaf area nutrient 88.69 ** 
soil 5.09 * 
nutrient x soil 4.25 ** 
fungus 1.83 
nutrient x fungus 1.48 
soil X fungus . 3.76 * 
nutrient x soil x fungus 2.01 * 
D^enotes significance at ,95 level. 
**Denotes significance at .99 level. 
Table 9. (Continued) 
Factor tested Variable F value 
Total leaf area nutrient 124.69 ** 
soil 7.38 ** 
nutrient X soil 4.77 ** 
fungus 2.38 
nutrient X fungus 3.69 ** 
soil X fungus 2.36 
nutrient X soil X fungus 2.47 •k 
Degree of chlorosis nutrient 13.13 ** 
soil 3.19 
Root length nutrient 1.77 
soil X fungus 2.55 
Root diameter nutrient 93.20 ** 
soil 2.81 
nutrient X soil 5.67 ** 
bench 25.34 ** 
Root system index nutrient 1.65 
bench 6.35 ** 
Percentage roots actively growing nutrient 6.39 ** 
soil 1.96 
fungus 3.24 * 
nutrient X fungus 1.44 
bench 4.54 * 
Percentage roots mycorrhizal nutrient 4.60 ** 
bench 5.31 ** 
Fresh weight leaves attached nutrient 138.70 ** 
soil 6.85 •ft* 
nutrient X soil 5.00 ** 
fungus 3.10 * 
nutrient X fungus 3.79 ** 
Table 9. (Continued) 
Factor tested 
Fresh weight leaves fallen 
Fresh weight stem 
Fresh weight root 
Fresh weight total 
Dry weight leaves attached 
Variable F value 
soil X fungus 3.25 * 
nutrient x soil x fungus 2.95 ** 
nutrient 9.07 ** 
soil 11.53 ** 
nutrient x soil 4.53 ** 
nutrient x fungus 2.34 * 
nutrient 92.02 ** 
nutrient x soil 5.83 ** 
fungus 2.25 
nutrient x fungus 2.93 ** 
soil X fungus 1.75 
nutrient x soil x fungus 1.61 
bench 3.44 * 
nutrient 50.93 ** 
nutrient x soil 1.62 
soil X fungus 1.68 
bench 3.64 * 
nutrient 96.48 ** 
nutrient x soil 3.72 ** 
nutrient x fungus 2.44 * 
soil X fungus 1.87 
bench 3.39 * 
nutrient 135.57 ** 
soil 6.77 ** 
nutrient x soil 5.30 ** 
fungus 1.94 
nutrient x fungus 3.38 ** 
soil X fungus 2.97 
nutrient x soil x fungus 2.69 ** 
Table 9. (Continued) 
Factor tested Variable F value 
Dry weight leaves fallen nutrient 7.36 ** 
soil 9.80 ** 
nutrient x soil 4.27 ** 
nutrient x fungus 2.00 * 
Dry weight stem nutrient 77.34 ** 
nutrient x soil 5.64 ** 
nutrient x fungus 2.45 * 
bench 5.18 ** 
Dry weight root nutrient 41.04 ** 
nutrient x soil 1.67 
bench 5.53 ** 
Dry weight total nutrient 85.27 ** 
nutrient x soil 4.12 ** 
nutrient x fungus 1.90 
bench 4.20 * 
Root/shoot ratio nutrient 19.98 ** 
soil 2.11 
bench 2.06 
Shoot/root ratio nutrient 29.85 ** 
nutrient x soil 1.51 
fungus 1.63 
nutrient x soil x fungus 2.00 * 
bench 3.73 * 
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Table 10. Analysis of variance table for the cooq>onent stem height 
Source D. F. SS MS F Prob. 
Fungus 2 338 .73 169.37 1.03 .50 
Acom (Par) 1 338 .38 2.05 .75 
Russula (0th) 1 0 .35 0.002 .05 
Soil (S) 1 34 .40 0.21 .25 
Nutrients 59231 .45 11846.29 71.77 .999 
Nitrogen (N) 1 54608 .71 330.82 .999 
Phosphorus (P) 1 1398 .29 8.47 .995 
NP 1 1848 .28 11.20 .999 
Minor (Min) 1 399. 67 2.06 .75 
Remainder (Rem) 1 976 .50 5.92 .975 
Soil X Nutrient 4439 .93 887.99 5.38 .999 
S X N 1 1764 .93 10.69 .995 
S X P 1 11 .27 0.07 .10 
S X NP 1 409 .39 2.48 .75 
S X Min 1 14 .38 0.09 .10 
S X Rem 1 2239 .96 13.57 .999 
Fungus X Nutrient 10 2865 .64 286.56 1.74 .90 
Par X N 1 356 .44 2.16 .75 
Par X P 1 137 .17 0.83 .50 
Par X NP 1 410 .89 2.49 .75 
Par X Min 1 14. 40 0.09 .10 
0th X N 1 282. 05 1.71 .75 
0th X P 1 1. 19 0.01 .05 
0th X NP 1 8. 88 0.05 1.0 
0th X Min 1 215. 40 1.30 .50 
Remainder 1439. 22 719.61 4.36 .975 
Soil X Fungus 264. 69 132.35 0.80 .50 
S X Par 1 90. 94 0.55 .50 
S X 0th 1 173. 76 1.05 .50 
Nutrient x Soil 
X Fungus 10 3524. 60 352.46 2.14 .95 
N X S X Par 1 263. 49 1.60 .75 
N X S X 0th 1 528. 41 3.20 .90 
P X S X Par 1 263. 44 1.60 .75 
P X S X 0th 1 1101. 80 6.67 .975 
NP X S X Par 1 33. 48 0.20 .25 
NP X S X 0th 1 260. 70 1.58 .75 
Min X S X Par 1 1. 59 0.01 .05 
Min X S X 0th 1 116. 16 0.70 .50 
Remainder 2 955. 53 477.77 2.89 .90 
Error 70 11554. 57 165.07 
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Table 11. Analysis of variance table for the component stem diameter 
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Error 70 8.68 0.027 
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Table 12. Analysis of variance table for the component root length 
Source D.F. SS MS F Prob. 
Fungus 2 239.0 119.5 1.27 .50 
Acorn (Par) 1 13.3 0.14 .25 
Russula (0th) 1 225.8 2.39 .75 
Soil (S) 1 74.2 0.79 .50 
Nutrient 835.8 167.16 1.77 .75 
Nitrogen (N) 1 578.7 6.13 .975 
Phosphorus (P) 1 27.5 0.29 .25 
NP 1 7.3 0.08 .10 
Minor (Min) 1 69.4 0.74 .50 
Remainder (Rem) 1 152.9 1.62 .75 
Soil X Nutrient 30.7 6.14 0.07 -
S X N 1 7.6 0.08 .10 
S X P 1 1.3 0.01 .05 
S X NP 1 4.9 0.05 .10 
S X Min 1 1.0 0.01 .05 
S X Rem 1 15.9 0.17 .25 
Fungus X Nutrient 10 921.6 92.16 0.98 .50 
Par X N 1 57.6 0.61 .50 
Par X P 1 63.3 0.67 .50 
Par X NP 1 14.7 0.16 .25 
Par X Min 1 106.3 1.13 .50 
0th X N 1 150.2 1.59 .75 
0th X P 1 105.6 1.12 .50 
0th X NP 1 117.0 1.24 .50 
0th X Min 1 157.6 1.67 .75 
Remainder 149.3 74.65 0.79 .50 
Soil X Fungus 481.1 240.55 2.55 .90 
S X Par 1 302.2 3.20 .90 
S X 0th 1 178.9 1.90 .75 
Nutrient x Soil 
X Fungus 10 1427.4 142.74 1.51 .75 
N x S X Par 1 189.6 2.01 .75 
N X S X 0th 1 60.4 0.64 .50 
P X S X Par 1 38.9 0.41 .25 
P X S X 0th 1 198.8 2.10 .75 
NP X S X Par 1 618.3 6.55 .975 
NP X S X 0th 1 82.5 0.87 .50 
Min X S X Par 1 0.03 - -
Min X S X 0th 1 75.3 0.80 .50 
Remainder 2 163.57 81.79 0.87 .50 
Error 70 6609.27 94.42 
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Orthogonal comparisons 
The data was further organized in an orthogonal manner so that 
each treatment combination could be statistically analyzed for each 
growth component measured. The nutrient amendments, especially N and to 
a lesser extent P, were generally significant where they were examined. 
The linear effects of N were highly significant (.999 level) in all 
components measured except for toot length which had significance at 
the .97 level (Table 12). The quadratic and cubic components of N 
(which are shown in the remainder terms in the source column) also 
showed significance in most measurements (Tables 10, 11, 14, 15, 17, 19). 
The linear effects of P were not uniformly significant, being below .95 
for root length (Table 12), root diameter (Table 13), fallen leaf dry 
weight (Table 16), root/shoot ratio (Table 20), and shoot/root ratio 
(Table 21). 
The test fungus involved was significant (.95) in only one instance, 
that being for total leaf area (Table 14). Here the acorn isolate 
influenced trees were significantly different from the other trees. 
These seedlings had an uniformly smaller total surface area which 
probably accounted for the statistical significance. In other instances 
the level of significance reached .90, but the fungally influenced 
seedlings did not vary to any great extent. 
The soil type was significant at the .975 level or higher in three 
instances; for total leaf area (Table 14), dry weight of attached leaves 
(Table 15), and dry weight of fallen leaves (Table 16). Since the three 
factors were foliar ccmponents, it appeared that the significance came 
from the initial N fertility status of the individual soils 
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Table 13. Analysis of variance table for the component root diameter 
Source D.F. SS MS F Prob. 
Fungus 2 0.058 0.027 0.55 .25 
Acorn (Par) 1 0.003 0.06 .10 
Russula (0th) 1 0.055 1.04 .50 
Soil (S) 1 0.15 2.83 .90 
Nutrient 24.60 4.92 92.83 .999 
Nitrogen (N) 1 22.29 420.57 .999 
Phosphorus (P) 1 0.19 3.59 .90 
NP 1 1.34 25.28 .999 
Minor (Mln) 1 0.10 1.89 .75 
Remainder (Rem) 1 0.68 12.83 .999 
Soil X Nutrient 1.50 0.30 5.66 .999 
S X N 1 1.42 26.79 .999 
S X P 1 0.00 - -
S X NP 1 0.00 - -
S X Mln 1 0.04 0.76 .50 
S X Rem 1 0.04 0.76 .50 
Fungus X Nutrient 10 0.49 0.049 0.93 .25 
Par X N 1 0.01 0.19 .25 
Par X P 1 0.00 - -
Par X NP 1 0.07 1.32 .50 
Par X Mln 1 0.00 - -
0th X N 1 0.05 0.94 .50 
0th X P 1 0.08 1.51 .75 
0th X NP 1 0.07 1.32 .50 
0th X Mln 1 0.20 3.77 .90 
Remainder 0.01 0.005 0.09 .10 
Soil X Fungus 0.01 0.005 0.09 .10 
S X Par 1 0.00 - -
S X 0th 1 0.01 0.19 .25 
Nutrient x Soil 
X Fungus 10 0.31 0.031 0.59 .10 
N X S X Par 1 0.01 0.19 .25 
N X S X 0th 1 0.00 - -
P X S X Par 1 0.17 3.21 .90 
P X S X 0th 1 0.02 0.38 .25 
NP X S X Par 1 0.00 - -
NP X S X 0th 1 0.03 0.57 .50 
Mln X S X Par 1 0.01 0.19 .25 
Mln X S X 0th 1 0.00 - -
Remainder 2 0.07 0.035 0.66 .25 
Error 70 3.70 0.053 
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Table 14. Analysis of variance table for the component total leaf area 
Source D.F. SS MS F Prob. 
Fungus 2 2942283.00 1471141.5 2.38 .90 
Acorn (Par) 1 2876125.75 4.65 .95 
Russula (0th) 1 66157.03 0.11 .25 
Soil (S) 1 4566057.35 7.38 .99 
Nutrient 385719764.00 77143952.8 128.70 .999 
Nitrogen (N) 1 344909145.60 557.53 .999 
Phosphorus (P) 1 13001628.60 21.02 .999 
NP 1 22693611.80 36.68 .999 
Minor (Mln) 1 413127.56 0.67 .50 
Remainder (Rem) 1 4702250.68 7.60 .99 
Soil X Nutrient 14747054.00 2949410.8 4.77 .999 
S X N 1 3765975.31 6.09 .975 
S X P 1 136861.45 0.22 .25 
S X NP 1 2567906.09 4.15 .95 
S X Mln 1 862.89 0.001 .05 
S X Rem 1 8275448.26 13.38 .999 
Fungus X Nutrient 10 22841517.00 2284151.7 3.69 .999 
Par X N 1 4914828.66 7.95 .99 
Par X P 1 1359920.93 2.20 .75 
Par X NP 1 2665379.73 3.66 .90 
Par X Mln 1 31437.78 0.05 .10 
0th X N 1 1948946.57 3.15 .90 
0th X P 1 50595.07 0.08 .10 
0th X NP 1 887594.30 1.44 .75 
0th X Mln 1 311904.00 0.50 .50 
Remainder 10670909.96 5335454.98 8.62 .999 
Soil X Fungus 2915080.00 1457540.0 2.36 .75 
S X Par 1 547047.85 0.88 .50 
S X 0th 1 2368032.03 3.83 .90 
Nutrient x Soil 
X Fungus 10 15284481.00 1528448.1 2.47 .975 
N X S X Par 1 104491.47 0.17 .25 
N X S X 0th 1 5334567.70 8.62 .995 
P X S X Par 1 328925.96 0.53 .50 
P X S X 0th 1 4845566.60 7.83 .99 
NP X S X Par 1 29123.40 0.05 .10 
NP X S X 0th 1 2800172.07 4.53 .95 
Mln X S X Par 1 97571.53 0.16 .25 
Mln X S X 0th 1 174592.04 0.28 .25 
Remainder 2 1569470.23 784735.12 1.27 .50 
Error 70 43304946.00 618642.1 
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Table 15. Analysis of variance table for the component dry weight of 
attached leaves 
Source D.F. SS MS F Prob. F 
Fungus 2 37.73 18.87 1.94 .75 
Acorn (Par) 1 27.13 2.79 .90 
Russula (0th) 1 10.61 1.09 .50 
Soil (S) 1 65.82 6.77 .975 
Nutrient - 5 6587.28 1317.46 135.54 .999 
Nitrogen (N) 1 5913.51 608.39 .999 
Phosphorus (P) 1 196.94 20.26 .999 
NP 1 380.90 39.19 .999 
Minor (Min) 1 6.89 0.71 .50 
Remainder (Rem) 1 89.04 9.16 .995 
Soil X Nutrient 257.75 51.55 5.30 .999 
S X N 1 89.17 9.17 .995 
S X P 1 2.28 0.23 .25 
S X NP 1 45.05 4.63 .95 
S X Min 1 0.08 0.01 .05 
S X Rem 1 121.17 12.47 .999 
Fungus X Nutrient 10 328.83 32.88 3.38 .995 
Par X N 1 65.77 6.77 .975 
Par X P 1 18.64 1.92 .75 
Par X NP 1 41.91 4.31 .95 
Par X Min 1 0.35 0.04 .10 
0th X N 1 14.54 1.50 .75 
0th X P 1 1.38 0.14 .25 
0th X NP 1 11.83 1.22 .50 
0th X Min 1 5.52 0.57 .50 
Remainder 166.89 83.45 8.58 .99 
Soil X Fungus 57.75 28.88 2.97 .90 
S X Par 1 20.46 2.10 .75 
S X 0th 1 37.29 3.84 .90 
Nutrient x Soil 
X Fungus 10 261.63 26.16 2.69 .99 
N X S X Par 1 6.02 0.62 .50 
N X S X 0th 1 91.22 9.38 .995 
P X S X Par 1 6.73 0.69 .50 
P X S X 0th 1 82.28 8.46 .995 
NP X S X Par 1 0.36 0.04 .10 
NP X S X 0th 1 44.96 4.63 .95 
Min X S X Par 1 0.62 0.06 .10 
Min X S X 0th 1 3.65 0.38 .25 
Remainder 2 25.82 12.91 1.33 .50 
Error 70 680.27 9.72 
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Table 16. Analysis of variance table for the component dry weight of 
fallen leaves 
Source D.F. SS MS F Prob. F 
Fungus 2 0.06 0.03 0.25 .10 
Acorn (Par) 1 0.06 0.50 .50 
Russula (0th) 1 0.00 - -
Soil (S) 1 1.18 9.83 .995 
Nutrient 4.44 0.888 7.40 .999 
Nitrogen (N) 1 3.24 27.00 .999 
Phosphorus (P) 1 0.24 2.00 .75 
NP 1 0.80 6.67 .975 
Minor (Hin) 1 0.00 - -
Remainder (Rem) 1 0.16 1.33 .50 
Soil X Nutrient 2.58 0.516 4.30 .995 
S X N 1 0.75 6.25 .975 
S X P 1 0.73 6.08 .975 
S X NP 1 0.85 7.08 .99 
S X Min 1 0.00 - -
S X Rem 1 0.25 2.08 .75 
Fungus X Nutrient 10 2.42 0.242 2.02 .95 
Par X N 1 0.03 0.25 .25 
Par X P 1 0.52 4.33 .95 
Par X NP 1 1.02 8.50 .995 
Par X Min 1 0.01 0.08 .10 
0th X N 1 0.20 1.67 .75 
0th X P 1 0.00 - -
0th X NP 1 0.09 0.75 .50 
0th X Min 1 0.00 - -
Remainder 0.55 0.275 2.29 .75 
Soil X Fungus 0.27 0.135 1.13 .50 
S X Par 1 0.22 1.83 .75 
S X 0th 1 0.05 0.42 .25 
Nutrient x Soil 
X Fungus 10 0.86 0.086 0.72 .25 
N X S X Par 1 0.08 0.67 .50 
N X S X 0th 1 0.00 - -
P X S X Par 1 0.30 2.50 .75 
P X S X 0th 1 0.01 0.08 .10 
NP X S X Par 1 0.39 3.25 .90 
NP X S X 0th 1 0.05 0.42 .25 
Min X S X Par 1 0.00 - -
Min X S X 0th 1 0.02 0.17 .25 
Remainder 2 0.01 0.005 0.04 .025 
Error 70 8.44 0.12 
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Several two and three factor interactions proved to be significant. 
Most of the two factor interactions were involved with either linear or 
quadratic N effects. The three factor interaction significance was 
difficult to interpret due to confounding. The question arises as to 
whether the interaction itself was significant or whether it was a 
confounded main effect being masked by the interaction. 
Looking at the specific measured growth components, the following 
patterns emerged. Stem height (Table 10) was markedly affected by the 
status of the seedling. As N levels increased, height growth increased. 
All the significant figures noted were related to the N level in some 
manner. The phosphorus x soil x Russula veternosa interaction was most 
likely a representation of initial soil fertility rather than a fungal 
or phosphorus effect. A similar rationale was applicable to the stem 
diameter (Table 11). As the N level increased, the diameter increment 
decreased. This significant 3 factor interaction for diameter was 
explained in a similar manner to the 3 factor interaction for stem height. 
Root length (Table 12) and root diameter (Table 13) were similar to 
the stem results but for different reasons. Here as N levels increased, 
root length decreased and concomitant diameter increased. There were 
only 2 significant factors in root length, the linear effect of N and a 
3 factor interaction that again probably related to the N level. 
The three foliar components — total leaf area (Table 14), dry weight 
of attached leaves (Table 15), and dry weight of fallen leaves (Table 16) 
— all showed the effects of the N fertility level. At the higher N 
levels the plants tended toward accelerated foliar growth with sustained 
succulence, all of which showed up as significant. In the fallen leaf 
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Table 17. Analysis of variance table for the component dry weight of 
stem 
Source D.F. SS MS F Prob. 
Fungus 2 43.37 21.69 1.41 .75 
Acorn (Par) 1 40.09 2.60 .75 
Russula (0th) 1 3.28 0.21 .25 
Soil (S) 1 22.47 1.46 .75 
Nutrient 5955.26 1191.05 77.34 .999 
Nitrogen (N) 1 5169.98 335.71 .999 
Phosphorus (P) 1 273.89 17.79 .999 
NP 1 382.33 24.83 .999 
Minor (Mln) 1 9.93 0.64 .50 
Remainder (Rem) 1 119.13 7.74 .99 
Soil X Nutrient 434.62 86.92 5.64 .999 
S X N 1 263.60 17.12 .999 
S X P 1 0.03 - -
S X NP 1 48.48 3.15 .90 
S X Mln 1 1.13 0.07 .10 
S X Rem 1 121.38 7.88 .99 
Fungus X Nutrient 10 377.39 37.74 2.45 .975 
Par X N 1 55.88 3.63 .90 
Par X P 1 14.55 0.94 .50 
Par X NP 1 53.36 3.46 .90 
Par X Mln 1 1.24 0.08 .10 
0th X N 1 6.84 0.44 .25 
0th X P 1 9.39 0.61 .50 
0th X NP 1 11.81 0.77 .50 
0th X Mln . 1 8.39 0.54 .50 
Remainder 215.93 107.97 7.01 .995 
Soil X Fungus 34.74 17.37 1.13 .50 
S X Par 1 6.84 0.44 .25 
S X 0th 1 27.90 1.81 .75 
Nutrient x Soil 
X Fungus 10 177.33 17.73 1.15 .50 
N X S X Par 1 8.33 0.54 .50 
N X S X 0th 1 43.97 2.86 .90 
P X S X Par 1 29.95 1.94 .75 
P X S X 0th 1 35.87 2.33 .75 
NP X S X Par 1 4.10 0.27 .25 
NP X S X 0th 1 17.44 1.13 .50 
Mln X S X Par 1 0.00 - -
Mln X S X 0th 1 2.46 0.16 .25 
Remainder 2 35.21 17.61 1.14 .50 
Error 70 1077.95 15.40 
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Table 18. Analysis of variance table for the component dry weight of 
roots 
Source D.F. SS MS F Prob. 
Fungus 2 47.31 23.66 0.52 .25 
Acorn (Par) 1 0.07 - -
Russula (0th) 1 47.24 1.04 .50 
Soil (S) 1 61.34 1.36 .75 
Nutrient 11586.51 2317.30 51.23 .999 
Nitrogen (N) 1 8755.26 193.57 .999 
Phosphorus (P) 1 359.04 7.94 .99 
NP 1 1117.45 24.71 .999 
Minor (Mln) 1 141.75 3.13 .90 
Remainder (Rem) 1 1213.01 26.82 .999 
Soil X Nutrient 470.70 94.14 2.08 .90 
S X N 1 244.95 5.42 .975 
S X P 1 7.79 0.17 .25 
S X NP 1 106.38 2.35 .75 
S X Mln 1 9.60 0.21 .25 
S X Rem 1 101.98 2.25 .75 
Fungus X Nutrient 10 438.88 43.88 0.97 .50 
Par X N 1 23.10 0.51 .50 
Par X P 1 3.04 0.07 .10 
Par X NP 1 45.92 1.02 .50 
Par X Mln 1 0.14 - -
0th X N 1 6.48 0.14 .25 
0th X P 1 23.38 0.52 .50 
0th X NP 1 56.83 1.26 .50 
0th X Mln 1 11.41 0.25 .10 
Remainder 268.58 134.29 2.97 .90 
Soil X Fungus 111.42 55.71 1.23 .50 
S X Par 1 97.81 2.16 .75 
S X 0th 1 13.62 0.30 .25 
Nutrient x Soil 
X Fungus 10 404.21 40.42 0.89 .25 
N X S X Par 1 70.90 1.57 .75 
N X S X 0th 1 15.09 0.33 .25 
P X S X Par 1 26.16 0.58 .50 
P X S X 0th 1 147.17 3.25 .90 
NP X S X Par 1 60.02 1.33 .50 
NP X S X 0th 1 0.01 - -
Mln X S X Par 1 10.56 0.23 .25 
Mln X S X 0th 1 9.02 0.20 .25 
Remainder 2 65.28 32.64 0.72 .50 
Error 70 3952.03 45.23 
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Table 19. Analysis of variance table for the component total dry weight 
Source D.F. SS MS F Prob. 
Fungus 2 276 .89 138.45 0 .84 .50 
Acorn (Par) 1 131 .41 0 .79 .50 
Russula COth) 1 145 .48 0 .88 .50 
Soil (S) 1 105 .28 0 .64 .50 
Nutrient 70477 .18 14095.44 85 .27 .999 
Nitrogen (N) 1 59588 .77 360 .49 .999 
Phosphorus (P) 1 2391 .99 14 .47 .999 
NP 1 5127 .28 31 .02 .999 
Minor (Mln) 1 313 .91 1 .90 .75 
Remainder (Rem) 1 3055 .23 18 .48 .999 
Soil X Nutrient 3402 .92 680.58 4 .12 .995 
S X N 1 1775 .25 10 .74 .995 
S X P 1 9 .81 0 .06 .10 
S X NP 1 532 .15 3 .22 .90 
S X Mln 1 2 .92 0 .02 .10 
S X Rem 1 1082 .79 6 .55 .975 
Fungus X Nutrient 10 3149 .70 629.94 3 .81 .999 
Par X N 1 119 .19 0 .72 .50 
Par X P 1 110 ,37 0 .67 .50 
Par X NP 1 465 .01 2. 81 .90 
Par X Mln 1 1 .01 0. 01 .05 
0th X N 1 87. 38 0. 53 .50 
0th X P 1 85. 33 0. 52 .50 
0th X NP 1 216. 47 1. 31 .50 
0th X Mln 1 74. 25 0. 45 .50 
Remainder 1989. 69 994.85 6. 02 .995 
Soil X Fungus 329. 27 164.64 0, 99 .50 
S X Par 1 270. 76 1. 64 .75 
S X 0th 1 58. 51 0. 35 .25 
Nutrient x Soil 
X Fungus 10 1582. 07 158.21 0. 96 .50 
N X S X Par 1 11. 60 0. 07 .10 
N X S X 0th 1 153. 19 0. 93 .50 
P X S X Par 1 186. 05 1. 13 .50 
P X S X 0th 1 741. 73 4. 49 .95 
NP X S X Par 1 20. 20 0. 12 .25 
NP X S X 0th 1 111. 86 0. 68 .50 
Mln X S X Par 1 16. 35 0. 10 .25 
Mln X S X 0th 1 40. 21 0. 24 .25 
Remainder 2 300. 88 150.44 0. 91 .50 
Error 70 11571. 26 165.30 
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Table 20. Analysis of variance table for the component root/shoot 
ratio 
Source D.F. SS MS F Prob. 
Fungus 2 0.16 0.08 0.08 .05 
Acorn (Par) 1 0.12 0.12 .25 
Russula COth) 1 0.04 0.04 .10 
Soil (S) 1 2.18 2.12 .75 
Nutrient 103.08 20.62 20.02 .999 
Nitrogen (N) 1 99.33 96.44 .999 
Phosphorus (P) 1 0.01 0.01 .05 
NP 1 0.80 0.78 .50 
Minor (Min) 1 0.41 0.40 .25 
Remainder (Rem) 1 2.53 2.46 .75 
Soil X Nutrient 5.12 1.02 0.99 .50 
S X N 1 3.30 3.20 .90 
S X P 1 0.03 0.03 .10 
S X NP 1 0.48 0.47 .50 
S X Min 1 0.28 0.27 .25 
S X Rem 1 1.03 1.00 .50 
Fungus X Nutrient 10 12.47 1.25 1.21 .50 
Par X N 1 0.29 0.28 .25 
Par X P 1 0.75 0.73 .50 
Par X NP 1 0.13 0.13 .25 
Par X Min 1 0.58 0.56 .50 
0th X N 1 0.00 - -
0th X P 1 3.11 3.18 .90 
0th X NP 1 0.67 0.65 .50 
0th X Min 1 3.27 3.18 .90 
Remainder 3.67 1.84 1.78 .75 
Soil X Fungus 2.45 1.23 1.19 .50 
S X Par 1 2.43 2.36 .75 
S X 0th 1 0.02 0.02 .10 
Nutrient x Soil 
X Fungus 10 12.38 1.24 1.20 .50 
N X S X Par 1 2.29 2.22 .75 
N X S X 0th 1 2.47 2.40 .75 
P X S X Par 1 0.12 0.12 .25 
P X S X 0th 1 0.08 0.08 .10 
NP X S X Par 1 1.30 1.26 .50 
NP X S X 0th 1 3.74 3.63 .90 
Min X S X Par 1 0.98 0.18 .25 
Min X S X 0th 1 0.12 0.12 .25 
Remainder 2 2.08 1.04 1-01 .50 
Error 70 72.20 1.03 
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Table 21. Analysis of variance table for the component shoot/root ratio 
Source D.F. ss MS F Prob. 
Fungus 2 0.63 0.32 1.66 .75 
Acom (Par) 1 0.45 2.37 .75 
Bussula (0th) 1 0.18 0.95 .50 
Soil (S) 1 0.00 - -
Nutrient 28.75 5.75 30.26 .999 
Nitrogen (N) 1 28.43 149.63 .999 
Phosphorus (P) 1 0.09 0.47 .50 
NP 1 0.07 0.37 .25 
Minor (Min) 1 0.07 0.37 .25 
Remainder (Rem) 1 0.09 0.47 .50 
Soil X Nutrient 1.46 0.29 1.54 .75 
S X N 1 0.37 1.95 .75 
S X P 1 0.06 0.32 .25 
S X NP 1 0.05 0.26 .25 
S X Min 1 0.02 0.11 .25 
S X Rem 1 0.96 5.05 .95 
Fungus X Nutrient 10 1.84 0.18 0.97 .50 
Par X N 1 0.75 3.95 .90 
Par X P 1 0.15 0.79 .50 
Par X NP 1 0.29 1.53 .75 
Par X Min 1 0.03 0.16 .25 
0th X N 1 0.01 0.05 .10 
0th X P 1 0.15 0.79 .50 
0th X NP 1 0.00 - -
0th X Min 1 0.36 1.89 .75 
Remainder 0.10 0.05 0.26 .10 
Soil X Fungus 0.20 0.10 0.53 .25 
S X Par 1 0.05 0.26 .25 
S X 0th 1 0.14 0.74 .50 
Nutrient x Soil 
X Fungus 10 3.86 0.39 2.03 .95 
N X S X Par 1 0.22 1.16 .50 
N X S X 0th 1 1.52 8.00 .99 
P X S X Par 1 0.04 0.21 .25 
P X S X 0th 1 0.19 1.00 .50 
NP X S X Par 1 0.75 3.95 .90 
NP X S X 0th 1 0.40 2.11 .75 
Min X S X Par 1 0.04 0.21 .25 
Min X S X 0th 1 0.02 0.11 .25 
Remainder 2 0.68 0.34 1.79 .75 
Error 70 13.48 0.19 
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dry weight information, there seemed to be a dependence on phosphorus 
as more P interactions showed significance. The significant 3-factor-
interactions in the total leaf area and dry weight of attached leaves 
(Tables 14, 15) would seem indicative that seedlings under the influence 
of R. veternosa were significantly different from the other seedlings. 
This related to the reduction of total leaf area in seedlings influenced 
by the acorn isolate as already mentioned. 
Stem dry weight (Table 17), root dry weight (Table 18), and total dry 
weight (Table 19) had most of the same comparisons showing significance 
on each, and most significant comparisons were attributable to the nutri­
ent levels of N. The root/shoot ratio (Table 20) and its converse member 
the shoot/root ratio (Table 21) showed linear N to be the significant 
variable and little else. This related to the N status of the plant and 
the subsequent channeling of photosynthate to either further vegetative 
growth or to storage products and structures. 
Mycorrhizae presence 
Mycorrhizae were not found abundantly in this experiment either, but 
they were present in greater numbers than in the first experiment. The 
greatest number of mycorrhizae (Table 22) were observed in the minus N, 
minus P, minus NP and water only treatments, with few appearing at the 
basic and plus N levels. The variable, nutrient level, was highly 
significant (1% level) for mycorrhizal presence (Table 9). There was not 
much difference between soils when considering the presence of mycorrhizae. 
The forest soil was expected to consistently have more mycorrhizae because 
of an assumed natural flora of mycorrhizal fungi plus that resulting from 
the experimental infestation of a fungus. The prairie soil was expected 
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Table 22. Treatment means for 9 pots (36 trees) across the nutrient 
series in prairie and forest soils for the estimated 
percentage of mycorrhizal rootlets of white oak root systems 
in the 1971-72 experiment 
Nutrient Soil Percentage of nqrcorrhizae 
Basic Prairie 1.81 
Basic Forest 4.47 
+ N Prairie 1.44 
+ N Forest 1.16 
- N Prairie 16.78 
- N Forest 16.69 
- P Prairie 13.17 
- P Forest 10.61 
- NP Prairie 8.33 
- NP Forest 19.19 
Water only Prairie 13.69 
Water only Forest 19.44 
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to show the most effects due to the initial soil infestation because of 
its assumed lack of a native ectoraycorrhizal flora. Neither expectation 
was realized. This result left two basic alternatives for consideration: 
either the nutrient levels were too high and nycorrhizal initiation was 
suppressed, which did not seem to be the case, or the fungi employed 
were not natural mycorrhizal fonners. 
The prairie soil that was not expected to initially contain mycor­
rhizal fungi supported seedlings with mycorrhizae. If the basic 
assumption, that the soil lacked a natural ectomycorrhizal component, 
held true, and it seemed logical as no ectonycorrhizal plants were 
found in it naturally; an outside source of inoculum was obviously 
present. Airborne contamination was both possible and probable. 
Thelephora terrestris, ectomycorrhizal on various pines, was observed 
fruiting at four different times during the summer on soils of other 
potted oaks in the greenhouse bay. 
The observed mycorrhizae were examined more closely. An inspection 
of whole mounts showed four forms of ectomycorrhizae to be present and 
possibly one endomycorrhiza. In two whole mount preparations, sporo-
carps of Endogone spp., were observed in close proximity to the oak 
lateral roots. However, no hyphal connections could be found establish­
ing direct linkages between sporocarps and roots. No other evidence for 
VA mycorrhizae were observed in either whole mounts or paraffin sections. 
The four ectomycorrhizae types were as follows: a black form, a 
dark brown form without spine-like protrusions, a light brown form, and 
a dark brown form with spine-like protrusions radiating outward from 
all over its surface (Figure 1). The black form accounted for 
Figure 1. Four observed mycorrhizal forms on white oak rootlets. 
A, the black form; B, the dark brown form; C, the brown 
spiny form; D, the superficial form (430x) 
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approximately 50% of all mycorrhizal observations. The rootlet was 
surrounded by a dense sheath of dark black hyphae from which black 
hyphae radiated freely outward into the soil. The observed mycorrhizae 
closely approximated the description and pictures presented by Trappe 
(1964) for Cenococcum granifonne (Sow.) Ferd. and Winge, which is known 
to be a natural constitutent of many soils, especially those under woody 
plants. These black mycorrhizae were noted principally on roots of trees 
grown in forest soil but a few were also noted on roots from seedlings 
grown in prairie soil, leading one to wonder if the fungus was a natural 
component of prairie soil. If it were a natural constituent of the 
prairie soil microflora, then the prairie soil does have a natural 
ectomycorrhizal component. 
The dark brown form without radiating spine-like protrusions 
accounted for about 25% of the observed nycorrhizae. It was initially 
grouped with the black form but microscopic examination quickly showed 
it to be a distinct form. It had hyphae ramifying out from the sheath 
into the surrounding soil but the hyphae were neither pigmented nor 
spine-like. This group seemed to be equally divided among rootlets 
grown in prairie and forest soils. 
The light brown form also accounted for about 25% of the observed 
mycorrhizae. This form was found mainly on trees grown in prairie soil 
at all nutrient levels and was found infrequently on roots of seedlings 
grown in forest soil in the basic and plus N treatments. Morphologically, 
it resembled the dark brown form just described except for its markedly 
lighter pigmentation. It did not appear to be a young form of the dark 
brown form. Both could be observed growing on the same root system. 
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Root hairs were frequently noticed on mycorrhizal rootlets of this light 
brown form. 
The dark brown form with its radiating spine-like external pro­
trusions accounted for less than 1% of the observed mycorrhizae. It 
was observed on only two root systems, both on forest soil grown seed­
lings in the water only, no fungus introduced, checks. It was thus 
assumed to be a natural ectomycorrhizal component of the forest soil. 
Emergent lateral roots from a mycorrhizal rootlet have in the past 
consistently been reported to be invested with a fungal sheath at the 
time of emergence through the nycorrhizal mantle. A whole mount of one 
of the Ç. graniforme-like mycorrhizae of this study clearly showed a 
lateral root emerging from the nycorrhiza uninvested by fungal presence 
(Figure 2). 
The various ectomycorrhizae were embedded in paraffin, serially 
sectioned and stained for slide examination. The graniforme black 
forms would not section. Rather, they fragmented upon contact with the 
microtome knife and no satisfactory preparations were obtained. The 
spiny dark brown form was not obtained either due to its scarcity and 
localization on the two seedlings. The other dark brown form and the 
light brown form were easily obtained and further characterized. 
The dark brown form was consistently shown to be a typical textbook 
illustration-type of ectomycorrhiza (Figure 3). The root was invested 
with a fungal sheath and had a well developed Hartig net in the cortical 
regions of the root. No penetration of the stele through the endodermis 
was noted. No root hairs were noted on any of the sections or on any 
of the mycorrhizal rootlets attributable to this form. 
Figure 2. Black ectomycorrhizal form with emerging unsheathed lateral 
root (A), typical sheathed lateral root (B) (430x) 
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Figure 3. Typical anatomical 
longisection above 
evident sheath (S) 
expression of an ectomycorrhiza, 
and cross section below, with 
and Hartig net (H) (430x) 
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The light brown form consistently was shown not to be a typical 
ectomycorrhiza. At first I felt it to be just a pseudomycorrhiza; i.e., 
a dense hyphal network growing over and around a rootlet and to outward 
appearances resembling a mycorrhiza but possessing no Hartig net or 
inter- and intra-cellular protrusions. Examination showed a root encap­
sulated in a dense, thick fungal sheath having no Hartig net but possess­
ing relatively frequent intracellular penetration structures (Figure 4). 
Such a composite structure closely resembled the superficial ectomycor-
rhizae described by Clowes (1949; 1951) and I feel the two to be related 
if not similar. Root hair formation was not uniformly suppressed in the 
superficial ectomycorrhizae and root hairs were routinely noted on these 
roots, at times appearing to penetrate through the fungal layer. 
Some question was raised as to whether this superficial type was 
a developmental stage of a true ectomycorrhiza. As one proceeded dis-
tally in his examination of such a rootlet, the frequency of intra­
cellular penetrations increased. With a little imagination one could 
envision the initiation of a Hartig net system as if it were a transitory 
stage of a true ectomycorrhiza. However, no intermediate forms could be 
found-
Survival in soil 
The infested fungi were reisolated from the soils in the growth 
tubes by employing the technique of Warcup (1955) for removing hyphae 
directly from the soil. An assortment of intact hyphae and hyphal 
fragments were readily evident in the soil. These hyphae varied in 
septation, pigmentation, and diameter. Principal attention was focused 
on the hyaline to lightly pigmented group. The hyphae were removed to 
Figure 4. Anatomical expression of the superficial ectomycorrhiza 
showing dense outer fungal mantle (M) but no evidence of 
a Hartig net or other cortical modification (430x) 
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agar and subcultured to pure cultures as they grew out from their point 
sources. 
Of the two soils, the forest soil was easiest to examine for 
hyphal presence. Most of the clay and silt sized particles readily 
washed out leaving the sand grains, organic residues and larger clay 
aggregates. The fungal hyphae were readily discernible growing along 
and among these particles. The prairie soil did not wash out as easily. 
It had a lower sand content and many rounded clay peds remained after 
washing. All hyphae were difficult to see against this background. 
While examining the forest soils black hyphal sections micro­
scopically resembling the radiating hyphae seen on Ç. graniforme mycor-
rhiza were routinely observed. Such were never seen in the prairie soil; 
they may have been there but I could not discern any black hyphae among 
the black soil peds examined. Hyphal fragments were removed to agar for 
culturing but nothing grew from them. 
The successful reisolation of fungi that microscopically very 
closely resemble those with irfiich the soil was initially infested are 
noted (Table 23). The fungi were found throughout the tubes and would 
appear to be capable of saprophytic adaptation to the soil. Very little 
of the initial agar could be found so it was assumed not to be a primary 
nutrient base at time of reisolation. 
The extent of mycelial spread seemed to be related to the degree of 
soil compaction within the tubes; the more extensive the compaction, the 
less broad the advancing fungal front. The hyphal spread appeared to 
involve at least two main routes. The first route was along the surface 
of the tube-soil interface. The fungal advance could be followed through 
Table 23. Fungal reisolation of the acorn Isolated basldlomycete and Russula veternosa from 
soil tubes indicative of their saprophytic survival in the prairie and forest soils 
over an 8-week period 
Depth of successful reisolation 
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a Letter code Indicative of specific mutation strains from the original isolate. 
Mycelium on agar chopped in Waring blender for 30 seconds. 
•Replication number. 
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the glass. This was apparently the path of least resistance as there 
was more obvious pore space for the fungus to grow. Hyphae growing at 
the tube periphery extended the greatest distance from the point source 
of inoculum. The second route of spread was outward through the central 
region of the tube. Extent of advance was directly related to the de­
gree of soil compaction and resulting pore space. In tightly compacted 
tubes, few hyphae were evident in the central portion of the tube much 
beyond the 5 or 10 cm point. 
The mycelium that was chopped in the blender initially exhibited 
a greater degree of spread in the soil, being found consistently at all 
depths. This greater degree of advance was probably explainable by means 
of the initial soil infestation. The initial inoculum source was a 
fungal-agar-water mixture and its introduction to the soil was over a 
more diffuse front, due to water absorption, than was the mycelium 
introduced on an agar block. The initial mycelial network destruction 
by the blender apparently was not a detrimental factor as active hyphae 
were isolated consistently and at all depths. 
There was definite evidence that the acorn isolate and Russula 
veternosa both survive in the soils by an apparently saprophytic mode. 
The acorn isolate also was shown a successful soil saprophyte in the 
greenhouse pot experiment. In every forest soil pot to which the fungus 
was initially introduced, a heavy white mycelium was observed ramifying 
through the soil. This mycelium closely resembled the infesting fungus 
microscopically. Such a mycelial network was not evident in the prairie 
soil pots. 
On the basis of this experimental evidence and the results in the 
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last section showing that the initial presence of R. vetemosa and the 
acorn isolated basidiomycete did not influence the final observed mycor-
rhizal type or number, I believe neither fungus to be a natural mycor-
rhizal former. I further feel that the acorn isolate was a weak pathogen 
in both soils; for each factor tested, there was a slight but constant 
discernible reduction in the growth measurements when this fungus was 
present. 
pH results 
The two soils were quite distinct in pH characteristics. The 
prairie soil pH at the initiation of the experiment ranged from 7.9 -
8.5, and the forest soil initial range was from 5.8 - 6.3. The nutrient 
solutions were also of variable pH (Table 24). The question was raised 
as to how the addition of a nutrient solution with a pH of 8.8 to a soil 
of pH 6.0 would affect both the subsequent soil and nutrient pH's (the 
same question applied to the addition of a pH 4.4 solution to a pH 8.5 
soil). Would one or both buffer towards neutrality? 
Soil pH did not appear to vary greatly over the experimental period 
(Table 25). The prairie soil pH was slightly depressed in the basic, 
minus N, plus N, and water only treatments. The changes in solution pH 
over time were more substantial (Table 24). All solutions tended to 
buffer towards neutrality regardless of their initial pH (Table 24). 
The initial soil pH also was involved with the degree of buffering. 
Final soil pH, nine pot averages (Table 25), showed an apparent buffering 
effect over time for the minus N, minus P, minus NP, and water only 
treatments. The initial solution pH levels did not appear to have a 
Table 24. Treatment means for 9 pots (36 white oak trees) showing the pH of the nutrient 
solutions over the nutrient series In prairie and forest soils during the 1971-72 
experimental period 
Nutrient Soil Initial Solution pH® Final 
solution pH over time solution pH 
Basic Prairie 4.50 5.51 6.52 
Basic Forest 4.50 5.27 6.05 
+ N Prairie 4.40 5.50 6.60 
+ N Forest 4.40 5.37 6.33 
- N Prairie 4.40 5.54 6.69 
- N Forest 4.40 5.42 6.44 
- P Prairie 8.80 7.87 6.95 
- P Forest 8.80 7.77 6.75 
- NP Prairie 8.30 7.68 7.05 
- NP Forest 8.30 7.51 6.73 
Water only Prairie 7.02 6.93 6.85 
Water only Forest 7.02 6.93 6.84 
Measure derived by computer averaging pH readings taken at different times during the 
course of the experiment indicative of the influence of time on the observed change in solution 
pH in the carboys. 
Table 25. Treatment means for 9 pots (36 white oak trees) showing the pH of the prairie and 
forest soli over the nutrient range during the 1971-72 experimental period 
Nutrient Soil Initial Soil pH* Final 
soil pH over time soil pH 
Basic Prairie 8.25 7.88 7.80 
Basic Forest 6.22 5.96 5.99 
+ N Prairie 8.26 7.93 7.84 
+ N Forest 6.24 5.94 6.05 
- N Prairie 8.20 7.93 7.82 
- N Forest 6.35 6.40 6.50 
- P Prairie 8.23 8.02 7.92 
- P Forest 6.27 6.29 6.49 
- NP Prairie 8.40 8.20 8.05 
- NP Forest 6.23 6.25 6.38 
Water only Prairie 8.44 8.35 8.25 
Water only Forest 6.25 6.55 6.86 
M^easure derived by computer averaging pH readings taken at different times indicative 
of the influence of time on the observed pH fluctuations of the soils. 
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major buffering effect on contact with the soil but rather seemed 
partially to resist being buffered in the minus P and minus NP 
treatments. 
The reason for the observed deviations between the final soil pH 
and soil pH over time was that the former was strictly the average 
final soil pH readings whereas, the latter was the average of all read­
ings obtained during the treatment time period and these readings 
varied at the different times. The same principle held for the final 
solution pH and solution pH over time. 
Statistically, the denoted differences were significant at the 5% 
or VU levels (Table 26). The variables, nutrient level and soil type, 
were significant at the 1% level in all tested situations. Time was 
also highly significant. Position and fungus had no effect but the 
nutrient by fungus interaction had significance at the 5% level for soil 
pH over time, due mainly to the difference between the acorn isolated 
fungus and the Russula veternosa. 
Endogone collections 
Spores of Endogone were separated into morphological classes that 
were considered as "form species". Three types were observed consistently 
in all soils sampled with a possible fourth type showing up in several 
instances (Table 27). This last type differed slightly from type 1 and 
may be a separate "form species". The third type was the most abundant 
and appeared in the majority of samples. This "form species" was 
probably not a single discrete taxon but rather a combination of 
several because its observed spore diameter was in the range described 
Table 26. Analysis of variance showing the effects of certain experimental treatment variables 
upon the soil and nutrient solution pH's over the period of the 1971-72 experiment 
Factor tested Variable F value 
Solution pH over time 
Final soil pH 
Final solution pH 





nutrient x time 
soil X time 
nutrient 
soil 
nutrient x soil 






nutrient x soil 
fungus 
nutrient x fungus 
time 
nutrient x time 
soil X time 
nutrient x soil x time 
773.92 ** 
14.28 ** 




















*Denotes significance at the .95 level. 
**Denotes significance at the .99 level. 
Table 27. Endogone spp. Isolated by the wet sieve decanting technique 
Sample site Sample Endogone absent Type 1^  Type 2^  Type 3^  Soil pH 
Lucas Unit, 1 X 5.69 
Stevens 2 X 5.70 
State 3 X X 4.98 
Forest 4 X 5.80 
5 X X 5.94 
6 X X K 4.96 
Fannington Unit, 1 X X X 5.31 
Shimek State 2 X X 5.10 
Forest 3 X X 4.81 
4 X X X 5.55 
5 X X X 5.26 
6 X X 4.94 
Amana 1 X X 6.35 
Forest 2 X 6.24 
3 X 5.55 
4 X X 6.22 
5 X X X 6.08 




dark, spherical. 50 - 150 n in diameter. Scattered recurved protruding hyphae. 
reddish-yellow to orange, spherical. 50 - 150 (i in diameter. 
dark, ovoid to spherical. Up to 400 n in diameter. Abundant recurved hyphae. 
Table 27. (Continued) 
Sample site Sample EndoKone absent Type 1® Type 2^ Type 3^  Soil pH 
Paint Creek 1 X X 5.95 
Unit, Yellow 2 X 4.95 
River State 3 X X 5.35 
Forest 4 X X 5.82 
5 X 5.42 
6 X X X 4.72 
Forest, 1 X X 5.15 
Pilot Knob 2 X X 5.07 
State Park 3 X X 5.72 
4 x^* X 5.43 
5 X X 5.28 
6 X X 6.06 
Long grass 1 X 7.35 
prairie site 2 X 7.45 
3 X X 7.42 
4 X X 7.47 
5 X X 7.35 
6 X X 7.45 
Forest in 1 X X 5.99 
Mltlgwa Boy 2 X X 5.99 
Scout 3 X X 6.18 
Reservation 4 X 4.78 
5 X X 5.98 
6 X 6.23 
 ^50 - 100 n In diameter and very black. Appear to be Intermediate between 1 and 2 or 
perhaps immature 2 with adhering soil obscuring the color. 
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for a large percentage of Endogone species (Gerdemann and Nicolson, 
1963). The other two were observed less frequently with "form species" 
2 probably being a discrete taxon because it was uniformly consistent. 
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DISCUSSION 
The activated charcoal filter vas a hard to define factor and 
made the interpretation of the first experiment difficult. The ability 
of activated charcoal to selectively adsorb and remove from solution 
specific ions and ionic complexes was not considered initially. That 
it was doing so quickly became evident especially among the variant 
nitrogen levels. 
Such selective removal was mentioned by Hewitt (1966). In nutrient 
studies with pea, he noted the presence of an activated charcoal filter 
increased the dry weight of the plants grown over it. The results were 
attributed to a pH stabilization. Hewitt found that charcoals acti­
vated at high temperatures tended to adsorb acidic molecules and large 
ionic complexes. Charcoal activated at lower temperatures adsorbed 
smaller and basic molecules, and had a smaller pore size. From pH 4 
upwards, the activated charcoals had negative charges increasing with 
the temperature of activation. It was also shown that the charcoal 
mobilized nitrogen and placed it in solution in a form more readily 
assimilable by the plants. I apparently had a similar effect, as plants 
at the lower nitrogen levels did not show signs of nitrogen deficiency 
as they might have had nitrogen been selectively adsorbed. 
The degree of activation of the charcoal utilized was unknown, but 
it was recognized to be activated to some extent. Further, this 
activation did influence the experimental outcome by its modifying 
effects on subsequent plant growth. 
It became evident that Hoagland's solution or at least the 
83 
concentrations and modifications of it that I employed were not con­
ducive to good growth of white oak. The nitrogen and phosphorus levels 
were too high and the calcium:phosphorus ratio was unfavorable, being 
biased in favor of calcium. The calcium tended to adsorb the phosphate 
ions making them unavailable to the plant, causing the deep reddish-
green-color zonation along the main veins that is characteristic of 
phosphorus deficiency in oaks (Doak, 1955). 
I initially expected to see gross differences in growth becoming 
evident among trees in the various nutrient treatments. This expectation 
did not develop however. Trees in the full Hoagland's, half Hoagland's, 
low N, and low P were not different. There were individual tree 
differences probably related to the seedling's phenotypic makeup, but 
no consistent differences that could be attributed to the nutrient 
level. Trees from the low NP and water only treatments were markedly 
different from the others as they were much smaller in size and were 
chlorotic-necrotic. 
Iron availability also showed up repeatedly as being restricted. 
Foliage of seedlings became progressively more chlorotic across the 
sequence; low N, low P, low NP, water only. The water only treatment 
was expected to be iron chlorotic but the others were not. Perhaps the 
iron was being interfered with in a similar manner to the phosphorus, 
or perhaps its introduction in a chelated form was unstable and was 
precipitating from solution or entering into another chelated form that 
had limited availability to the plant. Â precipitate the color of the 
original iron solution was noted in many carboys but was not analyzed 
for iron content. 
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It was noted that as the nitrogen fertility status of the plants 
increased; there was a concomitant increase in the vegetative growth 
of the plant. The stems generally grew longer and more leaves resulted. 
Stem diameter does not increase with increasing N. Above a specific 
point (set at approximately 300 ppm by Mitchell, 1934) the stem tends 
to become spindly rather than stouter. Roots respond in a converse 
manner to N fertility. At higher N levels, the root growth in length 
decreases and the root becomes sturdier (Bosemark, 1954). The increase 
in diameter of the roots also increases as the N level does to approxi­
mately 300 ppm above which level the linear response no longer holds, 
such levels being considered excessive (Mitchell, 1934). 
The influence of nitrogen is interpreted statistically in Tables 
10 - 21. The observed significance correlated with what was expected 
on the basis of observations of other workers. The linear and quad­
ratic responses of nitrogen were generally significant both as main 
effects and as parts of an interaction effect. This showed up re­
peatedly in the growth manifestations already discussed and in the dry 
weight distribution of the various plant parts. The nitrogen (linear) 
effect showed up most clearly and strikingly in the root/shoot and shoot/ 
root ratios (Tables 20 and 21). 
These two ratios were indicative of the relative distribution of 
the plant's photosynthetic output. Logically, as the nitrogen levels 
increased, vegetative growth was enhanced; the shoot system should be 
enlarging as rapidly as the root system. The 1971-72 experiment tends 
to support such an assumption. The 1970-71 experiment does not. The 
N levels in the second instance were far in excess of 300 ppm and were 
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apparently suppressing growth. 
A normal root/shoot ratio in the area of 3-0 for healthy plants 
was reported by Viets (1965). He was using Eoagland's solution as the 
nutrient supplement but he was working with com, sorghum and alfalfa; 
crop plants of an indeterminate growth character as compared to trees. 
While data from my first experiment would tend to support such a figure, 
I do not believe it can be logically applied to white oak which has 
determinate growth; that is, it lays down a specific growth increment 
during a portion of the growing season rather than growing progressively 
throughout the season. 
Kozlowski (1971) gave root/shoot ratios for trees exhibiting 
determinate growth. His values were 1.0 for pines and 2.0 for oaks, 
figures that were quite compatible with the data from my second experi­
ment. I feel that the growth observed in the 1971-72 experiment was 
more characteristic of normal growth of white oak than that observed 
for the 1970-71 experiment, the nutrient levels being far more equitable 
in the first instance. 
Kozlowski's ratios came from experiments on light intensity and 
the effects of shading rather than from fertility studies. His values 
were for full sunlight as were mine. His pine data was also similar to 
that of Mitchell (1934) for variable N levels on white and scotch pines. 
It is logical that a tree growing under optimal conditions would be 
reconverting photosynthate to shoot development. Thus heavier shoots 
would result making smaller root/shoot ratios. On the other hand, 
trees grown under suboptimal situations (excess or deficient fertility), 
where aerial growth was static, would be converting photosynthate into 
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root storage products with the accompanying development of a more 
extensive root system (as in the 1970-71 experiment) resulting in 
elevated root/shoot ratios. 
Kozlowski further notes that as the seedlings matured, there was 
a shift in root/shoot ratios toward diminishing values to a point below 
1.0. Such a shift can be envisioned for the trees in the basic and 
plus N treatments of the 1971-72 experiment where the ratios range from 
0.85 to 1.47 (Table 6). These seedlings were in their fifth growth 
period and were comparable to the seedlings Kozlowski described. In 
older trees the biomass of the shoot system becomes considerably larger 
than that of the root, often resulting in shoot/root ratios of 2.0-3.0. 
A tendency towards such a situation may be commencing in the forest 
soil at the plus N treatment. 
It has been shown that trees growing in prairie soil will not 
survive without the presence of mycorrhizae even at elevated fertility 
levels (McComb, 1943; Goss, 1960). Earlier soil-pot tests with red oak 
seedlings indicated that forest soils supplied more N and P resulting 
in better seedling growth than old field soils (Phares, 1964, 1971). 
Both soils that I employed in the 1971-72 experiment also appeared to be 
deficient in N and P, this deficiency being representative of the growth 
differences evident among the various nutrient amendments (Table 7). In 
my case, the forest soil appeared to be more deficient in both N and P 
than did the prairie soil. These results were contrary to those of 
Phares (1971); his forest soil was richer in both elements than was his 
old field soil. The discrepency may arise due to the differential 
natures of the respective non-forest soils. His old field sites were 
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fran southern Iowa and northern Missouri and were of a cherty nature 
while the prairie soil was from central Iowa and of a more loessal silt 
nature. Apparently the prairie soil was initially more fertile than 
the old field soil while the forest soils were of comparable fertility. 
The problem of hybridization of wind pollinated trees complicated 
the interpretation of the results. Can generalizations drawn from 
hybrids be applied to white oaks? The answer is important in the con­
sideration of a growth measurement such as the root/shoot ratio. Did 
the hybrid grow in a manner similar to the non-hybrid tree? I feel that 
the hybrid did follow typical white oak growth patterns described else­
where. The root/shoot ratio normally shows considerable variability, 
due to the phenotypic expressions of the individual trees, while being 
affected by the immediate environment, especially soil and available 
mineral nutrients. When an allometric relationship exists between the 
logarithm of shoot dry weight plotted against the logarithm of root dry 
weight, a constant ratio between root and shoot growth rates is implied 
(Wareing, 1970). In a large sample the effects of genetic variability 
should be minimized when using the root/shoot ratio; whereas, the 
variable nutrient status of the plant should cause the root/shoot ratio 
to vary across the nutrient range. I feel further that this latter 
Implication is also operating in the experiment and thus, the hybrid 
information is applicable and valid for white oak. 
The differences in the pH characteristics of the two soils did not 
cause problems. I was concerned that the addition of the nutrient 
solutions of such different pH's would alter some soil character(s). 
The soils proved to be quite stable, exhibiting no appreciable changes 
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after their exposure to the nutrients. 
The two fungi, Russula veternosa and Amanita cothurnata. as well 
as the acorn isolated basidiomycete, had been expected to form ecto-
mycorrhizae in the pot culture situation imposed by the experiments. 
The first two fungi were considered ectomycorrhizae formers since they 
had been previously shown to form mycorrhiza-like structures in semi-
pure culture; while the ability of the acorn isolate was experimentally 
unknown. If any of the fungi formed mycorrhizae, I expected to correlate 
the initial presence of an infesting fungus with the morphology and 
frequency of mycorrhizae across the nutrient levels. However, this was 
not to be. 
The 1970-71 experiment had such a low frequency of mycorrhizae that 
conclusions were difficult to draw. It was apparent that the nutrient 
levels, especially nitrogen and partially of phosphorus, were too high 
for initiation of mycorrhizae in most instances. However, there were 
indications that the initial presence of Russula and the acorn isolate 
had a slight positive effect upon seedling growth at certain nutrient 
levels. The Amanita showed a positive response in one instance, but it 
was subsequently lost from culture and was not available for further 
study. The Russula and acorn isolate were utilized in the 1971-72 
experiment i^ ere the nutrient amendments were at more realistic levels. 
Again mycorrhizal frequency was not abundant but was much greater 
than the first experiment. Three main ectomycorrhizal forms were evident, 
plus a fourth type that was considered as resulting from the natural 
forest soil mycorrhizal fungal component (Figure 1). The black form was 
also quickly ruled out as potentially coming from an initial infestation 
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type. The black form conforms with the description of Trappe (1964) of 
a mycorrhiza resulting from a root infected by Cenococcum graniforme. 
Ç. graniforme is cosmopolitan in distribution, and can be isolated 
regularly from woodland soils. It is thus not surprising to see mycor-
rhizae attributable to this fungus developing in the forest soil. Its 
presence in prairie soil raises several questions. Is it a natural 
component of the soil microflora or was it introduced to this soil during 
the pot filling process? If Ç. graniforme is a natural soil constituent, 
the prairie soil has an ectomycorrhizal component. Further, it must be 
of limited distribution as the works of McComb (1943), Goss (1960) and 
Phares (1964, 1971) do not report its presence or the presence of any 
organism resembling it. While I was isolating hyphae from the soil, I 
saw no evidence of hyphae matching the description of Ç. graniforme in 
the prairie soil. On these bases, I am inclined to believe that its 
presence in seme prairie soil pots resulted from contamination during 
the initial soil potting. 
Hie discovery of the other two mycorrhizae types in the soils at 
first made me think that one of my test fungi was involved. However, 
their appearance was too widespread to implicate either test fungus. 
There was no correlation between mycorrhizal presence and initial fungus 
infestation. The appearance of the mycorrhizae in both soil types also 
indicated that it was highly unlikely that they arose from the soils' 
natural mycorrhizal flora. This lead me to believe that they resulted 
from a source outside the experiment. An airborne fungus from an un­
known outside source was the logical explanation. One potential fungus 
was Thelephora terres tris which was known to be present in the immediate 
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area. However, any other ectomycorrhlzal fungus with air disseminated 
propagules was a potential source as the greenhouse bay was open to 
outside air. 
The two ectomycorrhlzal types were quite different both macro-
scoplcally and microscopically. Macroscopically, the first appeared to 
conform to the general morphological description of an ectomycorrhlza 
whereas the other more closely resembled v^ at have been described as 
pseudomycorrhlzae. Microscopically, the first was seen to be a typical 
ectomycorrhlza,(Figure 3), the root being invested with a sheath and 
having a well developed Hartig net. The second was not to be a pseudo-
mycorrhiza, (Figure 4), but, rather closely conformed with what has been 
described as a "superficial ectotrophlc mycorrhiza" by Clowes (1949, 1951). 
Clowes (1949) reported this superficial ectonycorrhlza on beech 
(Fagus svlvatlca L.) where he found it characteristically on seedling 
roots but also on both long and short roots of mature plants. This type 
of ectomycorrhlza has since been accepted as being common on beech but 
has not been reported heretofore as occurring on ^ ite oak. 
Clowes (1949) describes it thusly;^  "The name 'superficial ecto­
trophlc mycorrhiza' has been given to the form found in some roots, both 
long and short, t^ ere the fungus exists merely as a mantle with no inter­
cellular penetration, but occasionally with a few Intracellular hyphae 
in the epidermal cells. In this type of nycorrhiza there is no sup­
pression of root hair initiation, but the hairs do not elongate much. 
T^hesis examined and excerpts made by H. S. McNabb, Jr.,5-10-73, 
at Oxford. 
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. . . This superficial ectotrophic mycorrhizal infection occurs at the 
tips of long roots where the infected part forms a limited, swollen 
region and ends abruptly one or two cm from the apex, or, more frequently, 
it occurs as a principle apex of large diffuse or pyramidal systems and 
sometimes also in the lateral apices of such systems. . . . the mantle 
is always easily removed from the root by handling." 
This description of Clowes closely conformed with the superficial 
type evident on my white oaks. There were a few discrepancies, but 
these could readily be attributed to differences between host species. 
The fungus of white oak apparently had more frequent intracellular 
penetrations than developed on beech. The fungal investment was loose 
and ended abruptly on the infected root, having a definite zone of 
limitation. This sheath was quite flexible and could be removed in 
handling with slight effort. Root hairs were evident in both cases but 
I did not see any indication that their degree of elongation was being 
affected on white oak. Clowes was also more concerned with roots of 
more mature trees and his observations were more from these than frcm 
seedling roots. He found the superficial type on short roots only in 
seedlings. I did also, but then I only had seedling roots for a source. 
Thus, this superficial type may occur only on seedling roots of white 
oak as none have been reported on either seedlings or more mature trees 
in the past. They also may be a response to the experimental procedure 
that I employed. Only further research can clarify this point; i.e., 
their causal agent and relative frequency and distribution in nature. 
As the superficial ectomycorrhizae were found predominantly on the 
prairie soil grown seedlings, I see several questions to resolve. Are 
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these mycorrhizae indicative of a transition situation? Will they 
develop into true ectomycorrhizae? Are they a natural phenomenon? 
The word transition seems to imply two different explanations. 
It was possible that the superficial types were a transition; i.e., 
developmental stage leading towards a true ectomycorrhizal end. In some 
instances if I allowed my imagination free rein, I could envision where 
a Hartig net was initiating as the number of intracellular penetrations 
was greater in the area. If such a speculation were factual, then it 
would be a developmental phenomenon. The second transition connotation 
involved the fungus partner. Was some factor in the soil environment 
affecting the fungus in such a manner that it was not responding as it 
would normally? A normal ectcwiycorrhizal fungus in forest soil may have 
been adversely affected by something in the prairie soil (z.B. other 
competing microorganisms or the fertility status of the soil) that 
altered its potential, so that it could not institute Hartig net formation, 
resulting in the superficial-type ectongrcorrhiza. 
On the other hand, superficial ectomycorrhizae on -ïrtiite oak may be 
perfectly normal and natural and have just never been recognized before 
as such and reported. This is quite possible as white oak has not been 
worked with intensively, as have beech. Eucalyptus and various species 
of pine. Further work is necessary to resolve all these points. 
During this study a lateral root was observed emerging from a 
mycorrhiza that was not invested with a sheath at the time of emergence 
as has always been reported in the past (Figure 2). This was quite 
likely an isolated instance as it was only seen once whereas sheathed 
lateral roots were seen frequently. But, it was thus clearly indicative 
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that not all lateral roots are sheathed and that "naked" roots are 
probable and present in nature. 
Of the three techniques employed for the isolation of mycelium 
from the soil, the direct isolation of hyphae (Warcup, 1955) proved 
most effective and expedient. Its washing and supernatant decanting 
process proved best for isolating free-living hyphae from the soil. It 
was quite similar but superior to the serial washing technique of Harley 
and Waid (1955). The latter apparently is best for active mycelia on 
living roots (for which it is designed) as no hyphae were successfully 
isolated by employing this technique. The soil-plate technique (Warcup, 
1950, 1951a, b) also proved not feasible. The fungi involved were too 
slow growing, being quickly overgrown by contaminants, and being dif­
ficult to obtain in pure culture. 
Recovery of the test fungi by direct isolation of hyphae after a 
period of growth in the soil was indicative that the fungi could survive 
saprophytically in the soil and were free living fungi. Various species 
of plant pathogenic fungi may lose their aggressive tendencies after 
being carried for a period in artificial culture. If the test fungi 
were mycorrhizae formers before being placed in culture, they may have 
lost this ability while in culture. They have apparently lost none of 
the competitive saprophytic ability they may have initially possessed. 
There has been speculation that as a tree species shifts from a 
forest to a non-forest situation, there is a concomitant change in the 
mycorrhizal mode of the tree; i.e., a shift from ectomycorrhizae to 
endomycorrhizae. The almost universal presence of Endogone spp. in soil 
lends ammunition for such an argument. Endogone has been reported as 
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being endomycorrhizal on a number of tree species and also ectomycor-
rhizal on some. Its presence and relative abundance in the soils that 
I studied as well as the fact that I found sporocarps of Endogone spp. 
lends further support to the postulation that Endogone may enter into a 
mycoirrhizal relationship with white oak. A future study could examine 
in detail the validity of such a hypothesis. 
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SUMMARY AND CONCLUSIONS 
The study was developed to test four basic premises. The first 
was concerned with the mycorrhizal forming potential of three test 
fungi. Both the Russula vetemosa and the Amanita cothurnata cultures 
had been demonstrated to form mycorrhiza-like structures with white oak 
in semi-pure culture. Neither, in this experimental series, demonstrated 
any appreciable ability to form mycorrhizae on white oak in either sand 
or soil pot cultures. In addition, the presence of either of them did 
not appear to have any stimulatory effects upon the growth of seedlings; 
i.e., trees from pots infested with these fungi were not appreciably 
different from trees in pots lacking any experimentally introduced fungus. 
Perhaps these fungi lost their ability to form mycorrhizae due to being 
in culture for long periods of time. Such loss would be due to shifts in 
enzyme systems necessitated by the differing nutrient substrate, from 
changes arising by mutation, or a combination of both. To test for this 
loss due to culturing, new tramai or hymenial isolations from basidio-
carps would have to be made and the mycelium arising from them tested 
over a similar experimental series. It is also possible that these 
fungi are nonmycorrhizal free living fungi in nature as would seem to 
be indicated by their survival in soil in the absence of white oak roots. 
If such were the case, the mycorrhiza-like structures reported formed 
by them in semi-pure culture resulted from the specific conditions 
imposed upon both organisms in the cultural situation. 
The unknown Basidicmycete isolated from acorns presented a dif­
ferent problem. There had been speculation that perhaps ectomycorrhizal 
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fungi were transmitted along with the seed in a manner similar to the 
transmittal method of the endomycorrhizal Rhizoctonia species in certain 
orchids. I had isolated a Basidiomycete from seed and wanted to test 
its potential to form mycorrhizae. No mycorrhizal forming tendencies 
appeared, but rather, this unknown fungus acted as a mild parasite. 
Where this fungus was introduced into the experimental units, the 
seedlings uniformly e^ diibited less total growth than the growth observed 
for trees influenced by the other test fungi or by no fungi at all. 
However, this fungus showed a high competitive saprophytic ability in 
the forest soil. Apparently this Basidiomycete was present as a sapro­
phyte on the acom when it was isolated and is a natural root inhabiting 
fungus, sensu Garrett. This fungus changed markedly during the period 
in culture. The original strain has mutated several times and currently 
four separate strains are designated and carried in culture. 
The second premise was concerned with how the varying nutrient 
levels affected the nycorrhizal forming potential of the test fungi. 
The data presented do little to facilitate solving this problem. In 
fact, the question is left unanswered because the fungi were shown to 
have no mycorrhizal forming potential. However, the effect of the 
varying nutrient levels were observed on the naturally occurring mycor­
rhizae in the 1971-72 experimental series. This data substantiated the 
work of other researchers. There was an inverse relationship between 
the percentage of mycorrhizae initiated and the nitrogen fertility 
status of the plant. At the higher N levels, mycorrhizal formation 
was infrequent, while at lower N levels, the n^ corrhizal frequency was 
increased. 
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The third premise was concerned with the effects of the various 
nutrient levels on the growth of the seedlings and the subsequent 
mycorrhizal development on the seedlings. The latter part of the question 
is tied to the mycorrhizal forming potential of the test fungi and, as 
the fungi appear to have no such ability, no conclusions were made. The 
variant effects of the different nutrient levels on seedling growth and 
development were noted. Growth was suppressed in instances where 
fertility was at too low or too high a level to support optimum growth. 
Also, large ionic imbalances resulted in growth suppression. Such 
results were prominent in the 1970-71 experimental series. 
When ionic balances were present and nitrogen fertility was varied, 
results were again as expected. Increased N levels resulted in increases 
in vegetative; i.e., shoot growth while lower N levels resulted in re­
duced shoot growth. Roots also reflected N levels. As N increases the 
roots become more stout and shorter in length (theoretically). The N 
fertility also influenced the root/shoot ratio, a proportional repre­
sentation of the distribution of net photosynthetic output. When the 
plant was in an unfavorable situation, photosynthetic output was 
channelled towards maintenance rather than further growth. This resulted 
in an enlarged root system. Such situations were evident in the 1970-71 
experimental series when one views the disproportionately large root/ 
shoot ratios, especially those above 4.0. When the plant was in a 
favorable situation, the photosynthetic output was channelled towards 
increasing shoot growth and towards increasing the root system develop­
ment. This results in smaller root/shoot ratios because shoot growth 
often increases faster than root growth. Such instances were evident 
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in the 1971-72 experiment where most root/shoot ratios fell in a range 
between 1.0 and 2.3. I believe that if the experiment had run a longer 
time course, the ratios would be even lower. 
The fourth premise dealt with possible changes in soil pH over time 
upon addition of nutrient solutions. There did not appear to be any-
major effects other than a slight modification towards neutrality. The 
forest soil appeared to be more stable in pH status because it showed 
less evidence of pH alteration over the experimental time period. 
A superficial ectomycorrhiza appeared regularly on seedlings grown 
in prairie soil. Such a presence has never been noted before by previous 
workers. Similar nycorrhizae have been reported occurring on beech, and 
they are a viable type of mycorrhizae. 
The presence of three and possibly four "form species" of Endogone 
isolated from soil samples of six white oak sites plus the prairie site 
are noted. Such observations may provide the basis for future studies. 
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